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Historical  Introduction 

IT  is  now  about  two  hundred  years  since  the  first  silk  condi- 
tioning establishment  was  founded  in  Italy  at  Turin  in  the 
year  1724,  forty  years  after  a  royal  decree  had  been  sent  out 
informing  both  sellers  and  buyers  of  raw  silk  that  its  true  weight 
could  possibly  be  established  in  an  impartial  manner.  The  method 
of  conditioning  was  very  crude  and  would  be  considered  valueless 
today,  but  it  had  the  merit  of  being  impartial  and  official.  The 
conditioning  apparatus  was  only  a  large  room  in  which  the  skeins 
suspended  on  sticks  were  exposed  to  the  air  for  a  period  of  twenty 
four  hours  in  order  to  obtain  uniformity  in  the  condition  of  the 
moisture  in  the  raw  silk.  The  only  variation  in  this  procedure  was 
that  of  applying  heat  in  the  winter  season  to  keep  a  temperature  in 
the  room  ranging  around  70°  F.  It  is  interesting  to  note  that 
standards  of  moisture  content  (regain)  for  cotton  yarn,  worsted 
yarn,  carded  woolen  yarn,  flax,  hemp  and  jute  were  first  authori- 
tatively fixed  at  Turin  by  the  International  Congress  in  the  year 
1875,  more  than  one  hundred  and  fifty  years  later  and  thirty-four 
years  after  the  11  per  cent  regain  for  silk  w^as  officially  recognized 
by  the   French   Government. 

An  official  conditioning  house  for  raw  silk  was  established  about 
eight  decades  later  in  France,  in  the  year  1805,  at  Lj^ons.  Here, 
instead  of  suspending  the  skeins  on  sticks,  the  conditioning  was  done 
by  placing  all  the  skeins  of  a  bale  on  wire  frames  in  a  sealed  box 
constructed  so  that  the  air  could  pass  through  it  freely.  This  box 
per  bale  method  had  the  advantage  over  the  open  room  method  of 
preventing  mixing  and  theft.  As  at  Turin  the  only  variation  in  the 
procedure  was  that  of  heating  the  room  in  the  winter  season. 

This  system  continued  at  Lyons  until  the  5^ear  1842,  at  which  time 
the  Talabot  system  of  drying  by  hot  air  was  put  into  effect.  The 
circulation  of  the  hot  air  depended  on  the  draft  produced  by  chimneys 
and  was  not  altogether  satisfactory.  In  this  system  it  was  found  too 
expensive  to  dry  out  the  whole  bale,  so  a  system  of  sampling  was 
worked  out  and  a  regain  of  11  per  cent  decided  upon,  w^hich  was 
adopted  by  the  Lyons  Chamber  of  Commerce  in  1840,  and  officially 
recognized  by  the  French  Government  in  the  year  1841.  It  will  be 
seen  that  in  all  its  essentials  this  is  the  present-day  method  of  condi- 
tioning silk,  after  a  lapse  of  eighty  years. 

The  Talabot  method  continued  from  1842  as  the  standard  way  of 
obtaining  the  commercial  w^eight  of  raw  silk  until  the  early  years  of 
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the  twentieth  century,  when  a  blower  was  introduced  in  the  condi- 
tioning house  at  Milan  as  a  means  of  forcing  the  hot  air  through 
the  ovens  which  were  somewhat  remodeled  and  were  subsequently 
known  as  the  Corti  ovens.  This  was  found  to  decrease  the  time  of 
conditioning  about  one-half  and  was  otherwise  so  satisfactory  that  it 
brought  about  a  uniformity  in  the  apparatus  and  method  in  all  the 
conditioning  houses  of  Europe,  of  which  there  were  at  this  time 
(1906)  about  twenty-five,  mostly  in  Italy  and  France.  This  method 
is  the  only  one  in  use  today  and  is,  therefore,  standard.  Sampling 
of  a  lot  is  the  only  variable  that  requires  careful  attention  in  order 
to  have  consistent  results  from  different  conditioning  houses. 

ORIGIN  OF  THE  UNITED  STATES  TESTING 
COMPANY,  INC. 

In  the  United  States  the  first  public  silk  conditioning  house  was 
started  at  New  York  in  the  year  1880,  but  that  company  did  business 
without  any  official  standing.  In  the  year  1907,  the  United  States 
Silk  Conditioning  Company  was  incorporated  under  the  laws  of 
the  State  of  New  York,  and  in  April,  1909,  absorbed  the  first  com- 
pany. On  May  22,  1906,  the  Board  of  Managers  of  The  Silk  Asso- 
ciation of  America  passed  a  resolution  which  gave  to  the  Com- 
pany an  official  recognition  *'as  the  official  authority  and  source  of 
information  in  making  tests  of  silk  in  matters  of  moisture,  strength, 
size,  boil-o£f,  etc."  This  official  standing  was  applicable  to  the  Rules 
and  Regulations  Governing  the  Commission  Throw^ing  of  Silk  which 
had  been  adopted  by  the  Association  in  the  year  1907  and  to  the  Raw 
Silk  Rules  and  Regulations  to  Govern  Transactions  between  Buyers 
and  Sellers  in  the  United  States  of  America  adopted  in  May  of  the 
following  year  (1908)  and  gave  a  great  impetus  to  silk  testing  in  the 
United  States,  which  testing  has  steadily  increased. 

SCOPE  OF  THE  WORK  OF  THE  COMPANY 

The  scope  of  this  Company's  activities  has  been  very  much  enlarged 
since  its  incorporation  sixteen  years  ago.  At  the  time  of  its  incor- 
poration its  main  function  was  that  of  conditioning  silk  as  indicated 
in  its  corporate  name,  the  United  States  Silk  Conditioning  Com- 
pany. This  name  was  subsequently  changed  to  the  United  States 
Conditioning  and  Testing  Company,  which  implied  that  conditioning 
had  been  extended  to  materials  other  than  silk,  such  as  woolen,  wor- 
sted and  cotton  yarns,  paper-pulp,  etc.,  and  that  other  tests  were 
becoming  important.  In  the  year  1920  the  name  was  changed  still 
again  to  the  United  States  Testing  Company,  Inc.  This  last  name 
indicates  that  the  variety  of  tests  had  increased  and  that  no  one  of 


them  was  considered  of  such  paramount  importance  as  to  warrant 
the  use  of  its  name  in  that  of  the  corporation. 

Its  activities  now  cover  all  kinds  of  textile  and  paper  testing  as 
applied  to  raw  materials  and  the  finished  product  made  from  them; 
to  all  kinds  of  mill  supplies,  including  fuels,  lubricating  and  other 
oils,  soaps,  waxes,  waters,  finishing  materials,  etc. ;  to  chemicals, 
including  d^estuffs  and  intermediates;  to  microscopic  and  photo- 
micrographic  tests  pertaining  to  textiles,  paper,  alloys,  paints,  etc. ; 
researches  of  all  kinds  relating  in  any  way  to  the  textile  industries 
or  supplies  used  in  these  industries;  designing,  developing  and  manu- 
facturing standard  instruments  and  apparatus  used  in  testing  and 
also  the  storing  of  all  kinds  of  textile  materials. 

The  importance  and  growth  of  this  Company's  testing  business  is 
indicated  by  the  fact  that  it  now  maintains  Testing  Houses  at  New 
York,  Philadelphia,  Paterson,  New  Bedford,  and  Shanghai,  China;  a 
Chemical  and  Research  Laboratory  at  New  York,  where  it  also  has 
large  storage  facilities  for  all  kinds  of  textiles. 

The  Company  is  equipped  for  and  prepared  to  make  all  tests  that 
are  made  in  any  textile  testing  house  in  the  world. 
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Tests,  Analyses,  Research  and 
Instruments 

SAMPLING 

NO  matter  how  accurately  a  sample  has  been  tested  if  the 
sample  is  not  a  correct  representation  of  the  lot  sampled 
then  the  test  also  will  not  correctly  represent  the  lot.  Skilled 
and  experienced  samplers  are  quite  as  essential  as  skilled  and  expe- 
rienced operators  of  the  testing  apparatus  in  the  determination  of 
correct  results. 

The  tests  must  be  made  as  a  rule  under  specified  conditions  in 
order  that  repeat  tests  may  check  within  a  reasonable  tolerance. 
This  tolerance  is  usually  small,  but  in  some  tests  it  is  by  the  nature 
of  the  test  greater  than  in  others. 

Samples  taken  by  client  are  reported  after  testing  on  certificates 
marked  "Sampled  by  Client,"  and  this  Company  assumes  no  respon- 
sibility for  the  applicability  of  the  test  to  any  material  other  than 
the  samples  submitted  for  the  test.  Samples  taken  by  a  representative 
of  the  Testing  Company  are  reported  after  testing  on  certificates 
marked  "Sampled  Officially,"  w^hich  is  an  official  certification  of  the 
characteristics  tested  applicable  only  for  the  lot  examined  and  sampled 
by  the  representative  of  this  Company. 

CONDITIONED  WEIGHT  ONLY  CORRECT  WEIGHT 

Raw  silk  is  a  very  hygroscopic  substance.  It  takes  on  and  gives  up 
moisture  very  readily  to  adjust  itself  to  a  state  of  equilibrium  with 
the  atmospheric  conditions  of  temperature  and  humidity.  In  rainy 
weather  when  the  air  is  moist  it  may  w^eigh  several  per  cent  more 
than  it  did  in  dry  weather  at  the  same  temperature.  At  a  relative 
humidity  between  85  and  90  per  cent  and  a  temperature  of  70°  F. 
the  regain  is  about  15  per  cent,  while  at  the  same  temperature  and 
a  relative  humidity  between  50  and  55  per  cent  it  is  about  10  per 
cent,  making  a  difference  of  5  per  cent.  This  means  that  100  pounds 
of  raw  silk  weighed  at  a  relative  humidity  of  50  to  55  per  cent  at 
70°  F.  would  weigh  at  a  relative  humidity  between  85  and  90  per 
cent  and  70°  F.  around  105  pounds.  This  might  make  a  difference 
of  more  than  S50  on  the  price  of  a  bale  of  raw  silk.  This  amount 
of  variation  may  be  due  to  only  ordinary  changes,  but  by  artificial 
means  the  moisture  content  may  be  temporarily  raised  to  from  20 
to  30  per  cent  of  the  weight  of  the  dry  silk  without  giving  an 
appearance   of   wetness   to   the  silk. 


It  will  be  seen  from  the  above  that  it  is  important  to  know  what 
portion  of  a  lot  of  silk  purchased  is  real  silk  and  what  portion  is 
moisture.  This  is  determined  by  finding  the  dry  weight  of  the  silk. 
To  this  dry  weight  is  added  eleven  (11)  per  cent  as  a  universally 
accepted  standard  of  allowance  for  moisture  absorption  under  ordinary 
atmospheric  conditions.  This  dry  weight  plus  eleven  (11)  per  cent 
is  known  as  the  conditioned  weight  of  the  raw  silk,  which  is  the 
weight  understood  in  purchasing  raw  silk. 

Great  care  is  used  in  the  Testing  Houses  in  determining  this  stand- 
ard or  conditioned  weight,  as  all  transactions  in  raw  silk  dealing 
are  based  on  it.  The  following  will  indicate  the  care  exercised  to 
obtain  accurate  results: 

(1)  All  the  operations  of  weighing  are  made  by  two  persons  on  two 
different  scales,  one  giving  the  weight  in  the  metric  system  and  the 
other  in  pounds  and  hundredths,  which  are  checked  by  a  table  of 
equivalents,  the  one  thereby  checking  the  other. 

(2)  All  the  calculating  operations  are  made  in  duplicate  by  two 
different  persons,  one  checking  the  other. 

(3)  Three  samples  are  carefully  taken  from  different  parts  of  the 
bale,  so  that  each  represents  the  bale.  Two  of  these  samples  are 
desiccated  and  if  they  show  a  loss  not  varying  more  than  one-half 
per  cent,  the  average  loss  is  used  in  computing  the  conditioned 
weight.  If  the  loss  varies  more  than  one-half  per  cent,  the  third 
sample  is  desiccated  and  if  the  maximum  variation  is  under  1  per  cent, 
the  average  of  all  three  is  taken  as  the  basis  of  computation.  In  case 
the  maximum  variation  is  more  than  1  per  cent,  the  condition  of  the 
silk  in  the  bale  is  not  uniform  and  it  is  spread  out  to  become  uniform, 
resampled  and  the  test  repeated. 

The  surest  way  to  have  the  correct  weight  is  to  have  every  bale 
conditioned,  but  the  expense  has  led  to  a  custom  of  conditioning 
only  two  bales  out  of  every  five  (40  per  cent)  and  shirt  weighing 
the  other  three,  and  computing  the  conditioned  weight  of  the  lot  of 
five  bales  from  these  w^eights.  In  case  the  lot  is  ten  bales,  four  are 
conditioned  and  six  shirt  weighed,  and  the  computation  of  the  con- 
ditioned weight  for  the  ten  bales  is  made  from  these  weights. 
Conditioned  weight  of  cotton,  wool,  etc.,  of  cotton,  worsted,  woolen 
and  other  yarns,  of  textile  fabrics  and  of  paper-pulp  is  determined 
in  the  same  manner  as  for  silk.  The  temperature  at  which  the  ovens 
are  worked  is  in  general  different  for  the  different  materials,  some 
requiring  higher  temperatures  than  others  and  some  requiring  more 
care  than  others  that  certain  maximum  temperatures  are  not  exceeded 
on  account  of  the  deteriorating  action  of  heat. 


The  standard  regains  are  different  from  that  of  silk  and  from  each 
other,  varying  from  8^-2  per  cent  for  cotton  in  cotton  yarns  to  18^ 
per  cent  for  worsted  yarns. 

Worsted  and  woolen  yarns  and  other  all-wool  products  contain 
roughly  5  per  cent  more  moisture  than  silk  for  all  ordinary  conditions 
of  humidity  found  in  atmospheric  changes,  while  cotton  contains 
about  2y2  per  cent  less.  Notwithstanding  this  high  and  variable 
moisture  content,  the  testing  of  cotton  and  w^oolen  materials  in 
neutral  official  testing  houses  in  the  United  States  is  only  practiced 
to  a  limited  extent,  while  in  the  two  testing  houses  of  Bradford 
and  Manchester  the  tests  on  these  materials  amount  in  number  to 
hundreds  of  thousands  per  annum.  These  tests  are  a  cheap  insur- 
ance against  unforeseen  difficulties  of  manufacture  and  excessive 
costs,  and  should  be  much  more  commonly  used  in  the  United  States. 

BOIL-OFF   AS    NECESSARY   AS   CONDITIONED 
WEIGHT 

Silks  of  different  origin  have  different  amounts  of  gum  (sericin), 
which  boils  off  in  a  1  per  cent  soap  solution.  The  amount  of  this 
gum  varies  on  an  average  of  from  about  18  per  cent  on  white  China 
silks  to  about  19  per  cent  on  white  Japan  silks.  The  yellow  silks 
have  roughly  3  per  cent  more  gum  than  the  white  silks.  Cantons 
have  on  an  average  about  23  per  cent  of  gum.  A  white  Japan  silk 
may  have  as  low  as  16  per  cent  and  as  high  as  23  per  cent  of  gum. 
White  China  silks,  the  yellow  silks  and  Cantons  have  also  similar 
wide  limits  in  the  variation  of  the  per  cent  of  gum  contained  on 
them. 

It  will  be  understood  from  this  that  the  boil-off  is  as  essential  as 
the  conditioned  weight  in  determining  the  amount  of  real  silk  fiber 
(fibroin)    contained  in  a  bale  of  silk. 

The  boil-off  test  is  also  made  on  the  thrown  silk.  The  amount  of 
soap  and  oil  remaining  on  the  thrown  silk  is  variable  and  might 
make  a  large  overweight  and  cover  up  a  large  loss  of  waste  made 
in  the  throwing  operations.  This  waste  varies  with  the  quality  of 
the  silk  and  the  quality  of  the  throwing  operation.  It  is  desirable 
to  keep  the  waste  as  low  as  possible  as  all  waste  made  in  throwing 
is  a  total  loss. 

In  order  to  determine  this  waste  it  is  necessary  to  know  the  condi- 
tioned weight  and  the  per  cent  of  the  boil-off  of  the  raw  silk  sent 
to  the  throwster  and  the  conditioned  weight  and  the  per  cent  of 
the  boil-off  of  the  thrown  silk  returned  bv  the  throwster. 


SOAP  AND  OIL  EXTRACTION  TEST 

It  is  sometimes  desirable  to  know  what  portion  of  the  boil-off  of 
thrown  silk  is  soap  and  oil  and  the  nature  of  the  soap  and  oil  used 
in  the  soaking  bath  in  order  to  determine  whether  they  are  of  a 
kind  to  impair  the  keeping  qualities  of  the  thrown  silk  or  to  inter- 
fere in  the  dyeing  processes. 

This  test  is  of  a  highly  technical  nature  and  should  only  be  made 
by  experienced  operators,  who  have  a  good  general  knowledge  of  soap 
and  oils  and  their  solvents  and  the  action  of  these  on  silks  and 
other  textile  materials. 

This  test  may  be  applied  to  any  kind  of  yarns  or  fabrics,  but  is 
most  often  applied  to  thrown  silk  and  woolen  yarns. 


SCOURING  TEST 

The  commercial  scouring  test  applied  to  raw  (grease)  wool  for  the 
purpose  of  obtaining  the  "yield"  is  made,  like  the  boil-oif  test  on 
raw  and  thrown  silks,  by  subjecting  the  raw  wool  to  the  action  of 
a  neutral  soap  solution  until  the  grease  and  oily  matters  are  removed, 
after  which   it  is  thoroughly  washed  and   dried. 

The  yield  is  usually  made  by  comparing  the  dry  weight  before 
scouring  with  the  dry  weight  after  scouring.  To  determine  the 
amount  of  scoured  wool  in  a  lot,  the  moisture  content  of  the  raw 
wool  must  of  course  be  considered  in  the  computation. 

The  regain  is  usually  applied  to  the  yield  value  so  as  not  to  include 
a  moisture  regain  on  the  grease  and  oily  matters. 

The  commercial  scouring  test  is  also  applied  to  tops,  worsted,  woolen 
and  cotton  yarns,  and  waste.  A  little  more  care  is  required  in  this 
test  to  insure  accuracy  than  is  taken  in  case  of  raw  wool.  The 
sample  is  divided  into  two  equal  parts  as  nearly  as  possible  and 
scoured  independently  of  each  other  and  the  results  compared.  If 
they  are  close  enough  together  the  average  is  taken  as  the  result  of 
the  test,  but  if  they  are  not  close  enough  alike  a  new  test  should  be 
made  and  compared  with  this  first  test,  and  if  the  averages  of  the 
two  tests  are  close  enough  alike  the  average  of  these  averages  is 
taken  as  the  correct  result  of  the  test. 
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SMTI  LI6RARX 


INSOLUBLE   TEST 

It  is  sometimes  required  to  know  the  net  fatty  matters  in  tops  and 
yarns  as  distinguished  from  the  scour  test,  which  includes  any  dirt, 
etc.,  in  the  scour-off.  To  obtain  the  net  fatty  matter  the  tops  are 
subjected  to  a  chemical  extraction  test  similar  to  the  extraction  test 
for  oil  and  soap  on  thrown  silk.  The  net  fatty  matter  found  in 
this  way  subtracted  from  the  scour-off  is  dirt  or  other  foreign  sub- 
stances. 

STANDARD  ATMOSPHERE  AND  CONDITION 

Many  of  the  following  textile  tests  are  best  made  in  a  room  having 
"standard  atmosphere"  or  when  in  standard  condition.  By  standard 
condition  is  understood  a  condition  wherein  the  textile  considered 
contains  the  recognized  standard  moisture  "regain."  This  is  the 
normal  regain  of  the  completely  dried  textile  in  an  atmosphere  whose 
relative  humidity  is  70  per  cent  at  a  temperature  of  from  65°  to 
70°   F.,  which  is  accurate  enough   for  all  practical  purposes. 

When  extreme  accuracy  is  required  the  dry  weight  is  obtained  and 
to  this  is  added  the  standard  regain,  which  gives  the  conditioned 
weight  as  described  in  the  preceding  pages. 

SIZING  TEST  AND  COUNT 

Raw  silk  is  a  single  thread  made  by  reeling  several  cocoon  threads 
together  in  such  a  way  as  to  form  a  continuous  thread  from  the 
beginning  to  the  end  of  the  skein.  The  size  of  the  thread  depends 
on  the  number  and  size  of  the  cocoon  threads  reeled  together  to 
form  it  and  on  the  care  and  skill  of  the  reeler  and  the  equipment 
of  the  filature. 

If  the  number  of  cocoons  is  kept  the  same  throughout  the  length  of 
the  thread  and  care  has  been  used  in  selecting  the  cocoons  and 
reeling  the  thread  from  them,  even  then  there  will  be  quite  consider- 
able variations  in  the  size  of  different  small  lengths,  but  in  larger 
lengths  of  several  thousand  yards  the  average  size  should  not  show 
large  variations.  However,  the  speed  of  reeling  has  become  so  high 
that  it  may  happen  in  careless  reeling  that  a  thread  intended  to  be  of 
six  cocoon  threads  may  have  places  with  only  five  or  four  or  three  or, 
rarely,  two  cocoon  threads.  These  places  may  vary  in  length  from 
a  few  inches  to  a  hundred  or  more  yards. 

It  will  be  understood  from  the  foregoing  statement  that  it  is  quite 
important  to  know  the  yardage  of  a  given  weight  of  raw  silk.     This 
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is  done  by  weighing  several  lengths  and  averaging  these  weights  as 
a  basis  of  computing  the  number  of  yards  or  meters  per  pound  or 
kilogram.  The  standard  length  to  be  weighed  is  450  meters  (about 
500  yards),  and  the  standard  weight  is  five  centigrams,  and  the 
usual  number  of  450-meter  lengths  weighed  is  thirty.  The  total 
weight  of  the  thirty  skeins  (lengths)  divided  by  thirty  is  the  average 
size.  The  variation  in  the  weights  of  the  individual  sizing  skeins 
is  often  used  as  an  indication  of  the  evenness  of  the  thread,  but  it 
should  be  borne  in  mind  that  fine  and  coarse  places  in  the  thread 
may  chance  to  balance  one  another  in  a  skein,  so  that  a  skein  showing 
average  size  by  weight  may  chance  to  contain  several  fine  and 
coarse  places  which  have  balanced  each  other  in  so  far  as  the  weight 
of  the  skein  is  concerned.  It  is  quite  as  important  to  note  the 
variation  in  the  skeins  taken  from  different  books  of  the  bale  as  to 
note  the  spring  or  range  of  the  thirty  sizing  skeins. 

The  Classification  Committee  of  The  Silk  Association  of  America 
has  recommended  a  sizing  test  consisting  of  sixty  225-meter  skeins 
instead  of  the  thirty  450-meter  skeins  of  the  European  standard  test, 
and  have  named  it  the  American   Sizing  Test. 

The  total  weight  of  the  sixty  skeins  will  of  course  be  the  same  as 
the  total  w^eight  of  the  thirty  skeins,  as  the  length  wound  from  the 
sample  skeins  is  the  same.  The  American  Sizing  Test  is  presumed 
to  be  a  better  indication  of  the  evenness  of  the  raw  silk  than  the 
standard  sizings. 

In  making  the  sizing  test  it  will  be  understood  that  it  is  necessary 
to  have  a  like  condition  of  moisture  in  all  cases  in  order  that  the 
tests  may  be  comparable.  It  is  customary  in  testing  houses  to  weigh 
the  skeins  after  they  have  been  in  a  room  having  a  standard  atmos- 
phere long  enough  to  be  in  equilibrium  with  this  condition  of  mois- 
ture. It  is  difficult  to  maintain  a  strictly  standard  atmosphere  con- 
tinuously, but  an  average  size  accurate  enough  for  all  ordinary 
purposes   can   be  made   in   this  way. 

In  case  greater  accuracy  is  desired  it  is  safer  to  make  a  conditioned 
sizing,  which  is  obtained  by  getting  the  conditioned  weight  of  the 
sizing  skeins  taken  together  and  computing  the  average  size  from 
this. 

The  compound  sizing  test  is  used  when  it  is  desired  to  use  more 
silk  than  is  used  in  the  tests  described  above.  Twenty  sample  skeins, 
one  from  each  of  twenty  books,  are  taken.  From  each  skein  4,500 
meters  are  wound  off  for  a  sizing  skein,  so  that  in  this  test  90,000 
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meters  (approximating  roughly  to  100,000  yards)  are  weighed  instead 
of  13,500  meters,  as  in  either  of  the  other  tests.  In  the  compound 
sizing  test  the  variation  in  the  weight  of  the  sizing  skeins  is  rather 
an  indication  of  the  average  size  of  the  sample  skeins  than  of 
evenness. 

Artificial  silks  are  sized   in  the  same  manner  as  silkworm  silks. 

The  sizing  of  spun  silk,  silk  noils,  woolen,  worsted,  cotton  and 
linen,  hemp,  ramie,  etc.,  yarns  is  usually  spoken  of  as  finding  the 
"count"  of  the  yarn.  It  is  determined  by  finding  how  many  skeins 
or  hanks  or  cuts  of  a  fixed  length  are  required  to  make  a  pound  of 
the  yarn  under  standard  moisture  conditions. 

Count  should  be  determined  under  standard  conditions  or  com- 
puted from  dry  weight  and  reported  as  conditioned  weight  count. 
It  is  sometimes  reported  as  count  in  the  condition  as  received.  The 
testing  houses  consider  count  in  the  condition  as  received  only 
applicable  to  special  cases,  and  only  reports  count  in  this  way  when 
requested  to  do  so  and  in  case  of  dyed,  bleached  and  mercerized 
yarns,  where  it  is  somewhat  difficult  to  give  with  any  precision  the 
count  of  the  grey  yarn  before  the  bleaching,  dyeing,  etc.  In  any  such 
case  it  is  alwaj^s  noted  on  the  certificate  that  count  is  for  yarn  in 
condition  received. 

The  sizing  and  count  tests  are  really  yardage  tests.  However,  it  is 
sometimes  required  to  know  the  yardage  of  skeins  and  number  of 
skeins  per  pound,  or  simply  yards  per  pound  by  actual  measurement 
of  ten  to  forty  skeins  or  of  one  to  several  pounds.  Careful  attention 
must  be  given  to  the  tension  of  winding,  which  must  be  varied 
according  to  the  count  and  quality  of  the  yarn. 
This  test  is  used  for  determining  the  yardage  of  a  bale  by  measuring 
and  weighing  more  silk  than  is  used  in  sizing  and  count  tests.  It  is 
also  in  effect  a  winding  test. 

TENACITY,  ELONGATION  AND  ELASTICITY 

The  strength  (tenacity),  stretch  (elongation)  and  elastic  limit 
(yield  point)  indicated  by  raw  silk  when  stretched  to  the  point  of 
rupture  show  considerable  variations  in  the  same  types  of  silks 
from  time  to  time.  When  a  raw  silk  thread  is  pulled  it  stretches 
and  usually  at  first  the  stretch  is  proportional  to  the  pulling  force, 
but  it  reaches  a  point,  roughly  from  30  to  60  per  cent  of  the  maxi- 
mum strength  of  the  thread,  where  the  stretch  is  more  rapid  and 
where  the  silk  has  a  permanent  "set"  w^hen  the  pulling  force  is 
released.  Tests  for  these  characteristics  are  made  under  standard 
atmosphere  conditions. 
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Tenacity  and  elongation  have  been  long  determined  by  the  scrimcter 
test,  made  by  breaking  ten  portions  one-half  meter  in  length  and 
taking  an  average  of  the  strengths  and  elongations  found,  from 
w^hich  to  compute  grams  per  denier  on  basis  of  average  size  of  the 
silk  as  found  by  the  standard  sizing  test. 

In  breaking  the  threads  singly  on  the  serimeter  it  is  the  weakest 
portion  that  breaks,  so  that  the  average  strength  obtained  by  break- 
ing the  portions  is  the  average  of  the  weakest  portions  in  the  ten 
half-meter  lengths,  and  the  stretch  is  for  each  break  the  average 
stretch  of  the  half-meter  length,  so  that  the  average  stretch  found 
is  an  average  of  averages. 

It  is  customary  to  regard  an  average  strength  of  four  grams  per 
denier  and  an  average  elongation  of  20  per  cent  in  this  serimeter 
test  as  showing  high  quality. 

More  recently  a  test  of  one  hundred  breaks  on  one  hundred  half- 
meter  portions  taken  from  sizing  skeins  has  been  used  to  some  extent 
as  making  more  correct  averages  for  tenacity  and  elongation.  How- 
ever, this  strength  test  has  been  considered  more  as  an  evenness  test, 
so  that  variation  in  the  breaking  strength  has  received  the  greater 
attention. 

A  test  of  more  practical  importance,  known  as  the  serigraph  test,  has 
recently  come  into  use  for  finding  the  average  tenacity,  elongation 
and  elasticity  by  breaking  the  400  threads  of  the  standard  sizing 
skein  all  together  and  tracing  the  relation  of  elongation  to  force 
applied  on  a  chart.  This  test  is  a  consistent,  repeatable  test,  and 
should  supersede  the  serimeter  tests  for  practical  purposes. 

Tenacity,  elongation  and  elasticity  of  spun  silk,  woolen,  worsted, 
cotton  and  other  yarns  are  important  characteristics  and  may  be 
determined  in  the  same  manner  as  for  raw  silk.  However,  special 
ways  of  making  the  tests  for  different  kinds  of  yarns  are  in  common 
use  and,  therefore,  must  be  made  by  the  testing  houses. 
The  strength  and  stretch  of  cotton  and  silk  yarns  are  usually 
obtained  by  the  "lea"  test,  which  is  made  by  breaking  a  skein  of 
80  turns  of  one  and  one-half  yards  each,  one  hundred  and  twenty 
yards  in  all,  called  a  "lea,"  by  placing  the  skein  over  two  spools 
which  are  separated  at  a  uniform  speed  until  the  skein  breaks. 

Woolen  and  worsted  yarns  are  tested  in  the  same  manner  as  cotton 
yarns  and  on  the  same  type  of  machine,  but  the  lea  is  eighty  turns  of 
one-yard  lengths,  eighty  yards  in  all. 

In  all  these  tests  it  is  necessary  to  break  not  less  than  five  skeins 
to  insure  a  fair  average  of  the  yarn. 
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COHESION  MACHINE 


SILK  BEFORE      SILK  AFTER 
TEST  TEST 


SILK  BEFORE  TEST 
(Magnified) 


SILK  AFTER  TEST 
(Magnified) 


COHESION  TESTS 


TWIST  TEST 

Twist  tests  are  made  on  thrown  silk  and  on  cotton,  woolen  and 
other  yarns,  whether  single  or  folded,  and  are  for  the  purpose  of 
determining  the  average  twist  and  the  variations  in  twist. 

The  test  is  made  on  half-meter  or  twenty-inch  lengths  in  the  case  of 
thrown  silk  and  on  ten  inches  on  other  yarns.  Ten  tests  are  averaged 
together  to  get  the  average  twist.  The  test  is  reported  in  turns  per 
meter  or  turns  per  inch. 

The  test,  when  made  on  single  yarns,  is  made  on  much  shorter 
lengths  than  ten  or  twenty  inches,  and  twenty  tests  are  averaged 
together   instead  of   ten   to  determine  the   average  twist. 


WINDING  TEST 

The  winding  test  is  made  on  skeins  of  raw  silk  to  determine  the 
relative  winding  quality  of  the  skein  by  finding  the  number  of 
breaks  made  in  winding  a  known  yardage  or  weight  onto  bobbins 
at  a  know^n  speed. 

This  is  an  important  test  in  showing  the  relative  cost  of  winding 
the  silk  from  skeins  onto  spools,  and  has  been  reported  as  number 
of  tavelle  based  on  the  assumption  that  an  average  w^inding  girl 
could  tie  one  hundred  knots  an  hour.  This  is  not  a  very  scientific 
way  of  reporting.  The  test  should  be  reported  as  number  of  breaks 
per  pound  when  wound  at  a  defined  speed,  as  recommended  by  the 
Raw  Silk  Classification  Committee. 


INSPECTION  CARD  TEST 

Manufacturers  and  buyers  frequently  wish  by  a  visual  inspection  to 
get  a  general  notion  as  to  the  evenness  and  cleanness  of  raw,  thrown 
and  spun  silk  and  woolen,  worsted,  cotton  and  other  yarns.  This 
is  usually  done  by  inspecting  the  silks  or  yarns  on  a  series  of  ten 
^'mirror  cards"  made  by  winding  silks  or  yarns  from  ten  sample 
skeins  onto  suitable  cards  by  a  mechanical  device  for  spacing  the 
yarns  properly.  If  the  cards  are  not  too  large  they  can  be  trans- 
ported by  mail,  w^hich   is  sometimes  a  considerable  advantage. 
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RAW  SILK  DEFECTS  TEST  (GAGE  TEST) 

The  gage  test,  v\hen  made  by  experienced  operators,  is  the  most 
important  quality  test  applied  to  raw  silk.  It  throws  more  light 
on  the  probable  working  qualities  of  the  raw  silk  than  any  other 
single  test.  It  is  an  analytical  test  which  when  properly  interpreted 
furnishes  a  good  clue  to  the  quality  of  cocoons  used  and  to  the 
quality  of  the  filature  operations  in  reeling  the  particular  silk  under 
test. 

In  the  analysis  the  defects  are  segregated  into  Evenness  and  Clean- 
ness Defects  and  the  latter  is  divided  into  Major  and  Minor  Clean- 
ness Defects.  Evenness  Defects  are  weak  (or  fine)  threads,  very 
weak  (or  very  fine)  threads,  coarse  threads  and  very  coarse  threads. 
Major  Cleanness  Defects  are  waste,  slugs,  bad  casts,  split  threads 
and  very  long  knots.  Minor  Cleanness  Defects  are  corkscrews,  loops, 
long  knots,  nibs  and  raw  knots  (the  latter  not  counted).  These 
are  all  defined  with  sufKcient  accuracy  in  the  Tentative  Standard 
Tests  recommended  by  the  Raw  Silk  Classification  Committee  of 
The  Silk  Association  of  America. 

To  make  the  best  use  of  this  test  it  is  sometimes  desirable  to  makt 
a  further  analysis  of  some  of  the  defects.  For  example,  when  report 
ing  the  number  of  loops  caught  in  the  gages,  if  there  are  many  of 
them  quite  long  or  tangled  it  would  be  of  service  to  note  this  fact 
in  the  report  as  indicating  that  the  loops  are  in  the  particular  case 
to  be  rated  rather  as  major  than  as  minor  defects. 

RAW  SILK  COHESION  TEST 

This  test  is  made  on  the  Seem  cohesion  machine  as  perfected  and 
manufactured  by  this  Company.  It  is  a  test  for  determining  the 
relative  agglutination  of  the  cocoon  baves  in  the  raw  silk  thread. 
It  also  can  be  used  as  an  indication  of  the  quality  of  the  filature 
operations. 

For  the  manufacturer  its  chief  value  is  that  of  indicating  the  coher- 
ence of  the  thread  for  single  weaving  and  in  the  throwing  mill. 

RAW  SILK  DYE  TEST 

This  is  an  inexpensive  test  made  for  the  purpose  of  indicating 
whether  the  raw  silk  tested  will  undergo  the  usual  operations  of 
degumming  and  dyeing  without  showing  hairiness,  lousiness,  etc. 
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In  case  the  silk  will  not  withstand  the  usual  operations  further 
tests  should  be  made  to  indicate  what  modification  of  the  usual 
operations  is  required  in  order  to  dye  the  silk  with  satisfactory 
results.  Such  a  test  should  be  much  more  commonly  made,  as  it 
will  insure  a  great  saving  and  save  many  disappointments  in  a 
year's  run. 

COCOON  YIELD  TEST 

This  is  a  very  important  test  in  connection  with  filatures  and  is 
only  made  by  this  Company  in  its  Shanghai  Testing  House.  The 
usual  European  method  is  that  of  dividing  a  sample  of  from  eight 
to  sixteen  kilograms  (according  to  the  size  of  the  lot  sampled)  into 
four  equal  samples  and  sending  one  each  to  three  reliable  filatures 
for  yield,  reserving  a  fourth  for  the  testing  house  as  a  check  in 
case  of  wide  variation  in  the  return  from  the  different  filatures. 

This  Company  prefers  to  make  all  of  the  tests  and  uses  the  average 
of  two  tests  if  the  results  are  close  together,  and  of  three  or  more 
tests  if  the  variation  in  results  is  considerable. 

WASTE  COCOON  YIELD  TEST 

This  test  is  made  by  splitting  about  one  hundred  grams  of  the 
cocoons  and  dividing  them  into  two  tests  of  about  fifty  grams  each, 
removing  the  chrysalis  and  weighing  the  remainders,  which  are  cal- 
culated to  per  cent  of  the  original  weight.  If  the  per  cents  found 
in  the  two  tests  are  about  the  same  their  average  is  taken  as  the 
correct  per  cent.     Otherwise  more  tests  are  averaged. 

FABRIC  TESTS  AND  ANALYSES 

A  cloth  analysis  may  be  complete  or  partial.  A  common  partial 
analysis  includes  weight  per  yard,  construction  (number  of  warp 
ends  and  picks  per  inch),  counts  of  the  yarns  (''as  is"  in  the  cloth), 
twist  of  yarns  ("as  is"  in  the  cloth),  kind  of  yarn  (silk,  wool,  cotton, 
etc.),  staple  used  in  the  yarns  and  strength  and  stretch  of  the  cloth. 
The  complete  analysis  includes  all  these  and  with  them  some  or 
all  of  the  following  less  common  but  important  tests:  weave,  deter- 
mination, thickness,  reed  w^idth,  bursting  strength,  fastness  of  the 
colors  to  laundering,  hot  pressing,  bleaching,  light,  etc.,  and  physical 
and  chemical  tests,  such  as  shrinkage  due  to  treatment  with  hot 
soap  solutions,  resistance  to  percolation  (on  w^aterproofed  fabrics), 
determination  of  the  "furnish"  (percentage  of  silk,  cotton,  wool, 
etc.),  for  kind  and  quantity  of  filling  and  finishing  materials,  for 
presence  of  mildew^,  salt  water,  etc.,  and  a  variety  of  other  tests, 
depending  on  the  purpose  for  which  the  tests  are  made. 
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ChemicrJ  examinations  are  very  much  more  important  in  the  deter- 
mination of  causes  of  stained,  unevenly  dyed,  tendered  or  other  imper- 
iect  or  damaged  goods  than  is  generally  known.  It  sometimes  hap- 
pens that  the  cause  of  the  damage  is  very  obscure,  in  which  case  it 
might  happen  that  no  definite  proof  could  be  obtained,  but  in  the 
greater  portion  of  these  cases  a  fairly  definite  cause  can  be  found 
by  an  experienced  analyst.  Microscopic  examinations  to  supplement 
the  chemical  examinations  often  prove  of  as  great  value  as  the 
chemical  tests  in  investigations  on  defective  goods. 

MICROSCOPIC  TESTS,  METALLOGRAPHY  AND 
PHOTOMICROGRAPHS 

Microscopic  examinations  and  photomicrographs  have  become  impor- 
tant adjuncts  to  testing  of  all  kinds  in  every  industry  and  in  every 
research  laboratory.  The  photomicrograph  as  a  record  of  the  find- 
ings of  the  microscope  is  required  to  accompany  the  reports  of 
microscopic  examination  wherever  possible  (nearly  always).  It  will 
much  more  than  compensate  one  for  the  small  additional  cost.  (See 
accompanying  plates  of  typical  photomicrographs  of  papers,  metallic 
alloys  and  textiles.) 

INDUSTRIAL   CHEMICAL   TESTS   AND   ANALYSES 

Chemical  tests  and  examinations  have  become  an  important  part 
of  every  industry  and  research,  probably  more  important  than  any 
other  tests  and  analyses.  Chemistry  and  physics  combined  in  the 
so-called  physical  chemistry  furnishes  the  best  ultimate  explanation 
of  all  scientific  phenomena  usually  dealt  with  in  manufacturing 
industries. 

This  Company  has  developed  its  chemical  tests  aiid  examinations  t( 
such  an  extent  that  it  now  carries  on  this  work  in  four  main  divi- 
sions: (1)  Dyestuffs  and  colors,  including  intermediates  and  textile 
chemistry;  (2)  Oils,  fats,  waxes  and  soaps  of  every  kind;  (3)  Fuels 
of  all  kinds,  metals  and  alloys,  ores  and  minerals,  and  (4)  Waters 
for  sanitary  and  industrial  purposes  and  general  analytical  work  not 
falling  in  the  first  three  divisions. 

The  usual  physical  tests  and  optical  examinations,  such  as  coloro- 
metric  comparison  of  dyestuffs  and  oils,  specific  gravity,  melting  and 
freezing  points,  fire  and  flash  points,  evaporation  tests,  index  of 
refraction,  polarization  constants,  etc.,  are  all  made  with  the  most 
modern  standard  apparatus  and  are  reported  as  a  part  of  a  chemical 
examination. 
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SILK  STOCKING 
(Magnified  20    Diameters) 


SPECK  IN  SAME  STOCKING 
(Magnified  20  Diameters) 
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BROKEN  TUSSAH  FILLING- 
COTTON  WARP 


CREPE— SOME    THREADS    OILY 
DID    NOT  TAKE   DYE 


POWDER  FROM   SILK   WARP   DUE 
TO  DIRTY  DYE  BATH 

(Magnified  60   Diameters) 


CLOTH  FILLER 
(Magnified   60   Diameters) 


PHOTOMICROGRAPHS  OF  TEXTILES 
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JACK  PINE— GROUND  WOOD 
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LONG     LEAF     PINE— SULPHATE 


PHOTOMICROGRAPHS  OF  PAPER  STOCK 

(Magnified    100   Diameters) 


PAPER  TESTS   AND   ANALYSES 

Paper  tests  and  analyses  are  in  many  ways  similar  to  textile  tests 
and  analyses.  For  this  purpose'  this  Company  has  fitted  out  a 
humidity  and  temperature  controlled  laboratory  with  the  best  modern 
apparatus  for  making  all  kinds  of  physical  tests  on  papers,  and  makes 
chemical  and  moisture  tests  in  its  other  laboratories. 

The  more  common  tests  are  the  determination  of  the  fibers,  ash, 
rosin,  fillers,  tensile  and  bursting  strengths,  folding  endurance,  thick- 
ness and  ream  weight,  "furnish"  and  moisture  content. 

INDUSTRIAL  RESEARCH 

This  Company  undertakes  a  variety  of  researches  on  the  problems 
of  the  textile  industries.  By  virtue  of  the  training  and  experience 
of  its  chemical  and  research  laboratory  staff  and  the  character  of  its 
material  equipment,  it  can  undertake  researches  relating  to  the  prob- 
lems of  the  textile  industries  for  a  smaller  initial  expenditure  than 
would  be  necessary  for  any  other  way. 

INSTRUMENT  SHOP 

The  Company  maintains  a  machine  shop  properly  equipped  for 
making  and  improving  special  testing  instruments  used  in  routine 
testing  and  special  instruments  required  for  researches.  The  equip- 
ment includes  heat-treating  apparatus  with  recording  pyrometer; 
apparatus  for  acetylene  welding;  special  grinding  outfits;  high  tem- 
perature melting  furnaces,  etc.  It  is  in  fact  an  adjunct  to  the 
Research  Department  in  which  the  research  takes  the  form  of 
improving  the  present  day  types  of  testing  instruments  and  of  devising 
new  forms. 

TEXTILE    STORAGE 

This  Company  has  60,000  square  feet  of  w^arehouse  floor  space  at 
334-344  Hudson  Street,  New  York,  devoted  to  textile  storage  only, 
no  other  storage  being  accepted. 

The  building  is  of  fireproof  construction,  is  provided  with  electric 
burglar  alarms  and  automatic  sprinkler  control,  and  is  maintained 
under  proper  conditions  of  temperature  and  humidity  and  is  free 
from  rodents  and  from  anything  that  can  impart  undesirable  odors 
to  the  textiles  stored. 

The  textile  materials  in  storage  with  this  Company  can  be  tested 
without  cartage  charges  and  w^ithout  breaking  storage,  a  great  con- 
venience and  saving. 
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CHART    SHOWING    NUMBER    OF    TESTS    MADE    BY 
UNITED  STATES  TESTING  CO.,  INC.,  1883-1922 
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{Figures  at  Right  of  Chart  Shozv  Number  of  Tests  in   Thousands) 

Tests  are  made  b}^  this  Company  on 

RAW  MATERIALS 

Wool,  cotton  and  silk,  for  weight,  moisture  content,  yield,  etc. 

YARNS 

All  kinds  for  weight,  moisture  content,  yield,  twist,  strength,  elas- 
ticity,  fiber,  yardage,   count,  sizing  material,  etc. 

FABRICS 

All  kinds  for  weight,  w^eave,  threads,  count  of  yarn,  sizing  material, 
strength,  elasticity,  fastness  of  color,  etc. 

CHEMICALS 

Mill    supplies,    dyestuffs,    oils,    soaps,    fuels,    waters,    etc.      Special 
chemical   investigation  will  be  undertaken  upon   application. 
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Useful  Tables 

WEIGHTS  AND  MEASURES 

ENGLISH   SYSTEM 

AVOIRDUPOIS   AND    COMMERCIAL   WEIGHTS 

U)  drams,  or  437.5  grains  =  1  ounce,  oz. 

16  ounces,  or  7000  grains  =  1  pound,  lb. 

28  pounds  =  1  quarter,  qr. 

4  quarters  (English)  =  1  hundredweight,  cwt. — 112  lbs. 

20  hundredweight  =  1  ton  of  2240  lbs.,  gross  or  long  ton 

2000  pounds  =  1  net,  or  short,  ton 

2204.6  pounds  =  1  metric  ton    =    1000  kilos. 

1  stone  =14  pounds;  1  quintal  =  100  pounds 

SHIPPING   TON— FOR   THE    MEASUREMENT    OF    CARGO 

f    1  U.  S.  shipping  ton 
40  cubic  feet   =       -{  31 .  16  Imp.  bushels 

132.143  U.  S.  bushels 

f    1  British  shipping  ton 
42  cubic  feet   =       \  32.719  Imp.  bushels 

[33.75  U.  S.  bushels 

TROY   WEIGHTS 

24  grains  =    1  pennyweight,  dwt. 

20  pennyweights  =    1  ounce,  oz.       =     480  grains 

12  ounces  =    1  pound,  lb.      =   5760  grains 

1  carat  =  3. 168  grains      =         0.205  gram 

Troy  weight  is  used  for  weighing  gold  and  silver.     The  grain  is  the  sani 
in  Avoirdupois,  Tro}^,  and  Apothecaries'  weights. 

APOTHECARIES'    WEIGHTS 

20  grains  =  1  scruple 

3  scruples  =  1  drachm,    5  =  60  grains 

8  drachms  =  1  ounce,       5  =  480  grains 

12  ounces  =  1  pound,  lb.  =  5760  grains 

APOTHECARIES'    MEASURES 

60  minims  (min.)  =  1  fluid  drachm  (fl.  dr.  or  f   5) 

8  fluid  drachms  =  1  fluid  ounce  (fl.  oz.  or  f     5  ) 

20  fluid  ounces  =  1  pint  (O)  + 

8  pints  =  1  gallon  (C)  + 

RELATIONS    OF   APOTHECARIES'    MEASURES  TO    V/EIGHTS 

(All  liquids  to  be  measured  at  62°  Fahr.) 

1  minim  is  the  measure  of  0.9115  grains  of  distilled  water 

1  fluid  drachm         "         "        54.687  "       " 

1  fluid  ounce  "         "      437.5  "       " 

1  pint  "         "    8750  "       " 

1  gallon  "         "  70000  "       '' 
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LINEAR   MEASURE 

12  inches  =  1  foot  4  poles  =  1  chain 

3  feet  =  1  yard  40  poles  =  1  furlong 

6  feet  =  1  fathom  8  furlongs  =  1  mile    =    1760  yards 

5|  yards  =  1  rod  pole,  or  perch 

SQUARE   MEASURE 

144  square  inches      =    1  square  foot 
9  square  feet  =    1  square  yard 

30.25  square  yards  or  272.5  sq.  feet  =  1  square  rod 
160  square  rods  or  4840  sq.  yards  or  43560  sq.  feet  =  1 
" ' "  acres   =   1  square  mile 

An  acre  equals  a  square  whose  side  is  208 . 7  feet 


acre 


640 


CUBIC    MEASURE 

1728  cubic  inches 

=    1  cubic  foot 

27  cubic  feet 

=    1  cubic  yard 

1  cord  of  wood 

=  a  pile  4x4x8  feet    =   128  cubic  feet 

1  perch  of  masonry  =  16.5  x  1.5  x  1  foot  =   24.75  cubic  feet 

1  cubic  inch  of 

water  at  62°  Fahr.  weighs  252.286  grains 

11           (< 

"     "     "        "          "         0.57665  oz.  (av.) 

u               u 

"     "     "         "           "         0.0360411b. 

1  cubic  foot    " 

"     "     "         "           "     996.458  oz.  (av.) 

■          u                u 

"     "     "         "           "       62.2786  1b. 

1  cubic  yard  '' 

"     "     "         "           "         0.75068  tons 

CAPACITY  MEASURE 


LIQUID 

4  gills  =    1  pint 

2  pints  =    1  quart 

4  quarts       =    1  gallon 


RELATION    OF   CAPACITY,   VOLUME,   AND   WEIGHT 

1  pint  =     28 .  875  cubic  inches 

1  quart  =     57 .  75    cubic  inches 

1  gallon  (U.  S.)  =   231  cubic  inches 

1  gallon  (English)      =   277 .  274  cubic  inches 

7.4805  gallons  =        1  cubic  foot 

1  gallon  water  at  62°  Fahr.  weighs  8.3356  lbs. 


DRY 

2  pints         =    1  quart 

8  quarts       =    1  peck 

4  pecks        =    1  bushel 

1  U.  S.  standard  bushel  (struck)  =   2150.42  cubic  mches 

0.80356  U.  S.  bushels  (struck)      =    1  cubic  foot 
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TABLE  I 
EQUIVALENTS  OF  OUNCES  IN  DECIMALS  OF  THE  POUND 


Ozs. 

Decimals 

Ozs. 

Deoiinals 

Ozs. 

Decimals 

Ozs. 

Decimals 

Va 

lbs.0.0156 

44 

lbs. 0.2656 

8,4 

lbs.0.5156 

124 

lbs.0.7656 

Vo 

0.0312 

4^ 

0.2812 

sv?. 

0.5312 

123^ 

0.7812 

H 

0.0468 

434 

0.2968 

84 

0.5468 

124 

0.7968 

1 

0.0625 

5 

0.3125 

9 

0.5625 

13 

0.8125 

1^ 

0.0781 

54 

0.3281 

94 

0.5781 

1314 

0.8281 

1^ 

0.0937 

5^ 

0.3437 

9^ 

0.5937 

133^ 

0.8437 

IVa 

0.1094 

534 

0.3593 

94 

0.6093 

1334 

0.8593 

2 

0.1250 

6 

0.3750 

10 

0.6250 

14 

0.8750 

2M 

0.1406 

64 

0.3906 

104 

0.6406 

14K 

0.8906 

2y2 

0.1562 

Q'A 

0.4062 

10^ 

0.6562 

14^2 

0.9062 

2H 

0.1718 

64 

0.4218 

104 

0.6718 

144 

0.9218 

3 

0.1875 

7 

0.4375 

11 

0.6875 

15 

0.9375 

314 

0.2031 

74 

0.4531 

UK 

0.7031 

154 

0.9531 

33^ 

0.2187 

71^ 

0.4687 

im 

0.7187 

15^ 

0.9687 

334 

0.2343 

74 

0.4843 

114 

0.7343 

154 

0.9843 

4 

0.2500 

8 

0.5000 

12 

0.7500 

16 

1.0000 

Example  illustrating  the  use  of  Tables  I  and  II  in  converting  kilograms 
to  pounds  and  ounces  avoirdupois: 

What  is  the  weight  in  pounds  and  ounces  of  a  bale  weighing  98.09  kgs.? 

From  Table  II 

98         kgs.       = 216. 0530  lbs. 

.09      "         =  9/100  of  2.2046 1984'' 

98.09  kgs.       = 216.2514  lbs. 

Table    I    shows  that  the  decimal   0.2514  is  nearlv  equivalent  to  4  ozs. 
.-.  98.09  kgs.  =  216  lbs.  4ozs.— Ans. 


METRIC  SYSTEM 

The  metric  sj'stem  is  compulsory  in  Austria,  Belgium,  France, 
Germany,  Greece,  Italy,  Luxemburg,  the  Netherlands,  Portugal, 
Roumania,  Spain,  Switzerland,  Turkey,  and  most  of  the  South 
American  Republics;  optional  in  Great  Britain,  the  United  States, 
and  Russia. 


FUNDAMENTAL  EQUIVALENTS 

The  fundamental  unit  of  the  metric  system  is  the  meter — the  unit 
of  length.  From  this  the  units  of  capacity  (liter)  and  of  weight 
(gram)  were  derived.  All  other  units  are  the  decimal  subdivisions 
or  multiples  of  these.  These  three  units  are  simply  related,  e.g.,  for 
all  practical  purposes  one  cubic  decimeter  equals  one  liter  and 
one  liter  of  water  weighs  one   kilogram.     The  metric  tables  are 
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formed  by  combining  the  words  "meter,"  "gram,"  and  "liter"  with 
the  six  numerical  prefixes,  as  in  the  following  tables: 


Prefixes 

Meaning 

Units 

milli- 

= 

one  thousandth 

1 

1000 

.001 

centi- 

= 

one  hundredth 

1 

100 

.01 

"meter" /«?•  length. 

deci- 

= 

one  tenth 

1 

10 

•1 

Unit 
deka- 

= 

one 
ten 

10 

1 

1 

10 

"gram"  for  weight  or 
mass. 

hecto- 

= 

one  hundred 

100 

1 

100 

"liter"  for  capacity. 

kilo- 

= 

one  thousand 

1000 

1 

1000 

All  lengths,  areas,  and  cubic  measures  in  the  following  tables  are 
derived  from  the  International  meter,  the  legal  equivalent  being  1 
meter  =  39.37  inches  (law  of  July  28,  1866).  In  1893  the  United 
States  Office  of  Standard  Weights  and  Measures  was  authorized  to 
derive  the  yard  from  the  meter,  using  for  the  purpose  the  relation 
legalized  in  1866,  1  yard  equals  3600/3937  meter,  l^he  customary 
weights  are  likewise  referred  to  the  kilogram  (Executive  order 
approved  April  5,  1893).  This  action  fixed  the  values,  inasmuch  as 
the  reference  standards  are  as  perfect  and  unalterable  as  it  is  possible 
for  human  skill  to  make  them. 

All  capacities  are  based  on  the  practical  equivalent  1  cubic  decimeter 
equals  1  liter.  The  decimeter  is  equal  to  3.937  inches  in  accordance 
with  the  legal  equivalent  of  the  meter  given  above.  The  gallon 
referred  to  in  the  tables  is  the  United  States  gallon  of  231  cubic 
inches.  The  bushel  is  the  United  States  bushel  of  2,150.42  cubic 
inches.  These  units  must  not  be  confused  with  "the  British  units  of 
the  same  name  which  differ  from  those  used  in  the  United  States. 
The  British  gallon  is  approximately  20  per  cent  larger  and  the 
British  bushel  3  per  cent  larger  than  the  corresponding  units  used  in 
this  country. 

The  customary  weights  derived  from  the  International  kilogram 
are  based  on  the  value  1  avoirdupois  pound  =  453.5924277  grams. 
This  value  is  carried  out  further  than  that  given  in  the  law,  but  is  in 
accord  with  the  latter  as  far  as  it  is  there  given.  The  value  of  the 
troy  pound  is  based  upon  the  relation  just  mentioned  and  also  the 
equivalent  5760/7000  avoirdupois  pounds  equals  1  troy  pound. 
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METRIC   EQUIVALENTS 

LINEAR   MEASURE 


1  centimeter  =0.3937  in. 

1  decimeter  =  3. 937  in.  =0.328  ft. 

1  meter  =  39. 37  in.  =  1 . 0936  yd.s. 

1  decameter  =  1 .  9884  rods 

1  kilometer  =  0 .  62137  miles 


1  inch  =2 . 54  centimeters 
1  foot  =  3 .  048  decimeters 
1  yard  =  0 . 9 144  meters 
1  rod  =  0 .  5029  decameters 
1  mile  =  1 .  6093  kilometers 


(The  meter,  as  used  in  Em-ope,  is  39.370432  inches.) 


SQUARE    MEASURE 


1  sq.  centimeter  =  0. 1550  sq.  inches 

1  sq.  decimeter  =  0. 1076  sq.  feet 

1  sq.  meter  =  1 .  196  sq.  yards 

1  are  =  3 .  954  sq.  rods 

1  hectare  =  2 .  47  acres 

1  sq.  kilometer  =0.386  sq.  miles 


1  sq.  inch  =6. 452  sq.  centimeters 

1  sq.  foot  =  9 .  2903  sq.  decimeters 

1  sq.  yard  =0.8361  sq.  meters 

1  sq.  rod  =0.2529  ares 

1  acre  =  0 .  4047  hectares 

1  sq.  mile  =   .259  sq.  kilometers 


WEIGHTS 


1  decigram  =0. 003527  oz.  =1.5432 

grains 
1  gram    =    0.03527   oz.   avoir.,    or 

about  153^  troy  grains 
1  kilogram  =2.2046  lbs.  avoir. 


1  metric    ton    =    1.1023    English 

short  tons 
1  ounce  avoir.  =  28 .  35  grams 
1  pound  avoir.  =0.4536  kilograms 
1  English  short  ton  =  0 .  9072 

metric  tons 


APPROXIMATE    METRIC    EQUIVALENTS 


1  decimeter  =  4  inches 

1  meter  =  1.1  yards 

1  kilometer  =  ^  of  a  mile 

1  hectare  =  2^  acres 

1  stere,  or  cu.  meter  =  3^  of  a  cord 


1  liter  =  1 .  06  qt.  liquid,  0 . 9  qt.  dry 
1  hectoHter  =  2  '^  U  bushels 
1  kilogram  =21/5  lbs. 
1  metric  ton  =  2200  lbs. 


COMPARISON    OF  AVOIRDUPOIS   AND    METRIC   WEIGHTS 


Grains 

Drams 

Oz.  Av. 

Lbs.  Av. 

Deniers 

G  rams 

1.000 

1.296 

0.065 

27.340 

1.000 

35.437 

1.772 

437.500 

16.000 

i.666 

566.990 

28.350 

7000.000 

256.000 

16.000 

1.000 

9071.840 

453.592 

0.772 

1.000 

0.050 

15.432 

0.03527 

20.000 

1.000 
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TABLE  II 

EQUIVALENTS    OF  KILOGRAMS  IN  POUNDS  TO 
FOUR  DECIMAL   PLACES 


Kilos 

Pounds 

Kilos 

Pounds 

Kilos 

Pounds 

Kilos 

Pounds 

1 

2.2046 

32 

70.5479 

63 

138.8912 

94 

207.2345 

2 

4.4092 

33 

72.7525 

64 

141.0958 

95 

209.4391 

3 

6.6139 

34 

74.9572 

65 

143.3005 

96 

211.6437 

4 

8.8185 

35 

77.1618 

66 

145.5051 

97 

213.8484 

5 

11.0231 

36 

79.3664 

67 

147.7097 

98 

216.0530 

6 

13.2277 

37 

81.5710 

68 

149.9143 

99 

218.2576 

7 

15.4324 

38 

83 . 7756 

69 

152.1189 

loo 

220.4622 

8 

17.6370 

39 

85.9803 

70 

154.3236 

101 

222.6669 

9 

19.8416 

40 

88.1849 

71 

156.5282 

102 

224.8715 

10 

22.0462 

41 

90.3895 

72 

158.7328 

103 

227.0761 

11 

24.2508 

42 

92.5941 

73 

160.9374 

104 

229.2807 

12 

26.4555 

43 

94.7988 

74 

163.1421 

105 

231.4853 

13 

28.6601 

44 

97.0034 

75 

165.3467 

106 

233 . 6900 

14 

30.8647 

45 

99.2080 

76 

167.5513 

107 

235.8946 

15 

:  3.0693 

46 

101.4126 

77 

169.7559 

108 

238.0992 

16 

35.2740 

47 

103.6172 

78 

171.9605 

109 

240.3038 

17 

37.4786 

48 

105.8219 

79 

174.1652 

110 

242.5085 

18 

39.6832 

49 

108.0265 

80 

176.3698 

111 

244.7131 

19 

41.8878 

50 

110.2311 

81 

178.5744 

112 

246.9177 

20 

44.0924 

51 

112.4357 

82 

180.7790 

113 

249.1223 

21 

46.2971 

52 

114.6404 

83 

182.9837 

114 

251.3269 

22 

48.5017 

53 

116.8450 

84 

185.1883 

115 

253.5316 

23 

50.7063 

54 

119.0496 

85 

187.3929 

116 

255.7362 

24 

52.9109 

55 

121.2542 

86 

189.5975 

117 

257.9408 

25 

55.1156 

56 

123.4589 

87 

191.8021 

118 

260.1454 

26 

57.3202 

57 

125.6635 

88 

194.0068 

119 

262.3501 

27 

59.5248 

58 

127.8681 

89 

196.2011 

120 

264.5547 

28 

61 . 7294 

59 

130.0727 

90 

198.4160 

200 

440.9245 

29 

63.9340 

60 

132.2773 

91 

200.6206 

300 

661.3867 

30 

66.1387 

61 

134.4820 

92 

202.8253 

400 

881 . 8489 

31 

68.3433 

62 

136.6866 

93 

205.0299 

500 

1,102.3112 

TABLE  III 
EQUIVALENTS    OF   POUND   WEIGHTS   IN   KILOS    AND    DECIMALS 


Lbs. 

Kgs. 

Lbs. 

Kgs. 

Lbs. 

Kgs. 

Lbs. 

Kgs. 

1 

0.4536 

17 

7.7112 

33 

14.9688" 

49 

22.2264 

2 

0.9072 

18 

8.1648- 

34 

15.4224 

50 

22 . 6800 

3 

1.3608 

19 

8.6184 

35 

15.8760 

51 

23.1336 

4 

1.8144 

20 

9.0720 

36 

16.3296 

52 

23.5872 

5 

2.2680 

21 

9.5256 

37 

16.7832 

53 

24.0408 

6 

2.7216 

22 

9.9792 

38 

17.2368 

54 

24.4944 

7 

3.1752 

23 

10.4328 

39 

17.6904 

55 

24.9480 

8 

3.6288 

24 

10.8864 

40 

18.1440 

56 

25.4016 

9 

4.0824 

25 

11.3400 

41 

18.5976 

57 

25.8552 

10 

4 .  5360 

26 

11.7936 

42 

19.0512 

58 

26.3088 

11 

4.9896 

27 

12.2472 

43 

19.5048 

59 

26.7624 

12 

5.4432 

28 

12 . 7008 

44 

19.9584 

60 

27.2160 

13 

5.8968 

29 

13.1544 

45 

20.4120 

61 

27.6696 

14 

6.3504 

30 

13 . 6080 

46 

20.8656 

62 

28.1232 

15 

6.8040 

31 

14.0616 

47 

21.3192 

63 

28.5768 

16 

7.2576 

32 

14.5152 

48 

21.7728 

64 

29.0304 

42 


TABLE   III.— Continued 


Lbs. 

Kgs. 

Lbs. 

Kgs. 

Lbs. 

Kgs. 

Lbs. 

Kgs. 

65 

29.4840 

76 

34.4736 

86 

39.0096 

96 

43.5456 

66 

29.9376 

77 

34.9272 

87 

39.4632 

97 

43.9992 

67 

30.3912 

78 

35.3808 

88 

39.9168 

98 

44.4528 

68 

30.8448 

79 

35.8344 

89 

40.3704 

99 

44.9064 

69 

31.2984 

80 

36.2880 

90 

40.8240 

100 

45.3600 

70 

31.7520 

81 

36.7416 

91 

41.2776 

150 

68.0400 

71 

32.2056 

82 

37.1952 

92 

41.7312 

200 

90.7200 

72 

32.6592 

83 

37.6488 

93 

42.1848 

300 

136.0800 

73 

33.1128 

84 

38.1024 

94 

42.6384 

400 

181.4400 

74 

33 . 5664 

85 

38.5560 

95 

43.0920 

500 

226.8000 

75 

34.0200 

TABLE  IV 

EQUIVALENTS  OF  METRIC  WEIGHTS  IN  POUNDS,  OUNCES,  AND 
GRAINS  AVOIRDUPOIS 


Kilos 

Lbs.     Ozs.     Grs. 

Kilos 

Lbs.     Ozs.     Grs. 

Kilos 

Lbs.      Ozs.     Grs. 

1 

2—  3—119 

39 

85—15—293 

77 

169—12—  29 

2 

4—  6—239 

40 

88—  2—413.0 

78 

171—15—149 

3 

6—  9—359 

41 

90—  6—95.2 

.      79 

174—  2—268 

4 

8—13—  41 

42 

92—  9—214.9 

80 

176—  5—388 

5 

11—  0—161 

43 

94—12—334.6 

81 

178—  9—  70 

6 

13—  3—280 

44 

97—  0—  16.8 

82 

180—12—190 

7 

15—  6-400 

45 

99—  3—136.5 

83 

182—15—310 

8 

17—10—  82 

46 

101—  6—256.2 

84 

185—  2—429 

9 

19—13—202 

47 

103—  9—375.9 

85 

187—  6—112 

10 

22—  0—322 

48 

105—13—  58.1 

86 

189—  9—231 

11 

24—  4—     4 

49 

108—  0—177.8 

87 

191—12—351 

12 

26—  7—123 

50 

110—  3—297.5 

88 

194—  0—  33 

13 

28—10—243 

51 

112       6     417.2 

89 

196—  3—153 

14 

30—13—363 

52 

114—10—  99.4 

90 

198—  6—273 

15 

33—  1—  45 

53 

116—13—219.1 

91 

200—  9—392 

16 

35—  4—165 

54 

119—  0—338.8 

92 

202—13—  74 

17 

37—  7—284 

55 

121—  4—  21.0 

93 

205—  0—194 

18 

39—10—404 

56 

123—  7—140.7 

94 

207—  3—314 

19 

41—14—  87 

57 

125—10—260.4 

95 

209—  6—434 

20 

44—  1—207 

58 

127—13—380.1 

96 

211—10—116 

21 

46—  4—326 

59 

130—  1—62.3 

97 

213—13—235 

22 

48—  8—     8 

60 

132—  4—182.0 

98 

216—  0—355 

23 

50—11—128 

61 

134—  7—301.7 

99 

218—  4—  37 

24 

52—14—247 

62 

136—10—421.4 

100 

220—  7—157 

25 

55—  1—367 

63 

138—14—103.6 

101 

222—10—276 

26 

57—  5—  49 

64 

141—  1—223.3 

102 

224—13—396 

27 

59—  8—169 

65 

143—  4—343.0 

103 

227—  1—  79 

28 

61—11—289 

66 

145—  8—25.2 

104 

229—  4—198 

29 

63—14—408 

67 

147—11—144.9 

105 

231—  7—318 

30 

66—  2—  91 

68 

149—14—264.6 

106 

233—11—     0 

31 

68—  5—210 

69 

152—  1—384.3 

107 

235—14—  20 

32 

70—  8—330 

70 

154—  5—  66.5 

108 

238—  1—239 

33 

72—12—  12 

71 

156—  8—186.2 

109 

240—  4—359 

34 

74—15—132 

72 

158—11—305.9 

110 

242—  8—  42 

35 

77—  2—252 

73 

160—14—425.6 

200 

440—14—314 

36 

79—  5—371 

74 

163—  2—107.8 

300 

661—  6—  34 

37 

81—  9—  53 

75 

165—  5—227  5 

400 

881—13—191 

38 

83—12—173 

76 

167—  8—347 

500 

1102—  4—349 
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TABLE   V 

GIVING  THE  EQUIVALENT  OF  METRIC  WEIGHTS  BY   MULTIPLES 
OF    10    GRAMS,    IN   POUNDS,    OUNCES,   AND    GRAINS, 
AVOIRDUPOIS 


Grams 

Lbs.     Ozs.     Grs. 

Grams 

Lbs.     Ozs.     Grs. 

Grams 

Lbs.     Ozs.    Grs. 

10 

0—  0—154.3 

370 

0—13—  21.6 

730 

1—  9—326.4 

20 

0—  0—308.6 

380 

0—13—175.9 

740 

1—10—  43.2 

30 

0—  1—  25.4 

390 

0—13—330.2 

750 

1—10—197.5 

40 

0—  1—179.7 

400 

0—14—  47.0 

760 

1—10—351.8 

50 

0—1—334.0 

410 

0—14—201.3 

770 

1—11—  68.6 

60 

0—  2—  50.8 

420 

0—14—355.6 

780 

1—11—222.9 

70 

0—  2—205.1 

430 

0—15—  72.4 

790 

1—11—377.2 

80 

0—  2—359.4 

440 

0—15—226.7 

800 

1—12—  94.0 

90 

0—  3—  76.2 

450 

0—15—381.0 

810 

1—12—248.3 

100 

0—  3—230.5 

460 

1—  0—  97.8 

820 

1—12—402.6 

110 

0—  3—384.8 

470 

1—  0—252.1 

830 

1—13—119.4 

120 

0—  4—101.6 

480 

1—  0—406.4 

840 

1—13—273.7 

130 

0—  4—255.9 

490 

1—  1—123.2 

850 

1—13—428.0 

140 

0—  4—410.2 

500 

1—  1—277.5 

860 

1—14—144.8 

150 

0—  5—127.0 

510 

1—  1—431.8 

870 

1—14—299.1 

160 

0—  5—281.3 

520 

1—  2—148.6 

880 

1—15—  15.9 

170 

0—  5—435.6 

530 

1—  2—302.9 

890 

1—15—170.2 

180 

0—  6—152.4 

540 

1—  3—  19.7 

900 

1—15—324.5 

190 

0—  6—306.7 

550 

1—  3—174.0 

910 

2—  0—41.3 

200 

0—  7—  23.5 

560 

1—  3—328.3 

920 

2—  0—195.6 

210 

0—  7—177.8 

570 

1_  4_  45.1 

930 

2—  0—349.9 

220 

0—  7—332.1 

580 

1—  4—199.4 

940 

2—  1—  66.7 

230 

0—  8—  48.9 

590 

1—  4—353.7 

950 

2—  1—221.0 

240 

0—  8—203.2 

600 

1—  5—  70.5 

960 

2—  1—375.3 

250 

0—  8—357.5 

610 

1—  5—224.8 

970 

2—  2—  92.1 

260 

0—  9—  74.3 

620 

1—  5—379.1 

980 

2—  2—246.4 

270 

0—  9—228.6 

630 

1—  6—  95.9 

990 

2       2     400.7 

280 

0—  9—382.9 

640 

1—  6—250.2 

1000 

2—  3—119.7 

290 
300 

0—10—  99.7 
0—10—254.0 

650 
660 

1_  6—404.5 

1 —  7 — 121.3 

310 

0—10—408.3 

670 

1—  7—275.6 

1  lb.  avoird 

.  =  16  oz.  or  7,000 

320 

0—11—125.1 

680 

1       7     429.9 

grains 

330 

0—11—279.4 

690 

i_  8—146.7 

1   oz.   a  voire 
1  kilo.  =2  1 

1.  =  437.5  grains 
DS.  3  ozs.  and 

340 

0—11—433.7 

700 

1—  8—301.0 

119.7    gr 

ains,    or    15,432.2 

350 

0—12—150.5     ! 

710 

1—  9—  17.8 

grains 

360 

0—12—304.8 

720 

1—  9—172.1 

1   gram  =  15 
1  kilo.  =  1.0 

43  grains 
30    grams 

Example. — To  convert  65  kgs.  450  grams  to  pounds,  ounces,  and  grains, 
see  Tables  IV  and  V,  thus : 


65  kgs. 
450  gms. 

=  _ 

Lbs. 
143 

Ozs. 
4 
15 

Grs. 
343 
381 

143 

19 

724 

143  lbs. 

19  ozs. 

724  grs. 

= 

143 

1 
0 

0 
3 

1 

0 
0 

286.5 

65  kgs.   450  gms. 

144 

4 

286.5 
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TABLE   VI 


SOME    JAPANESE    WEIGHTS    AND    MEASURES    WITH    ENGLISH 
AND    METRIC    EQUIVALENTS 

WEIGHTS  1 


JAPANESE 

1  Momme 
160  Momme  = 
1000  Momme  = 
756  Kin 


ENGLISH 

0.13228  ounce  (Av.) 

1  Kin              1.32277  pounds  (Av.) 

1  Kwan          8.26733  pounds  (Av.) 

1000               pounds  (Av.) 


METRIC 

3 .  75       grams 
600.00      grams 

3 .  7500  kilograms 
453 . 6         kilograms 


SHIPPING    TONNAGE   MEASURE  2 


1  Koku    =   10  cubic  Shaku 

1  Koku    =  0.1  Ton  (Japanese) 

1  Ton      =    100  cubic  Shaku  3 


9 .  45  cubic  feet 

9 .  45  cubic  feet 

94 .  40  cubic  feet 


0.2675  cu.  meter 
0.2676  cu.  meter 
2.6759  cu.  meters 


1  Bu 
10  Bu 
10  Sun 
10  Shaku 


1  Bu 
10  Bu 
10  Sun 


LINEAR   MEASURE 

1.  Statutory  Measures  or  Kane-Shaku 


1  Sun 
1  Shaku 
1  Jo 


1  Sun 
1  Shaku 


0.11930  inch 
1.19303  inches 
11.93029  inches 
3.3140  yards  (U.  S.) 


3.0303  milimeters 
3.0303  centimeters 
0.30303  meter     ^ 
3.0303  meters 


Cloth  Measure  or  Kujira-Shaku 


1  Shaku  =  1.25  Kane 
Shaku 
10  Shaku  =  1  Jo 


0.14913  inch 

1.4913  inches 

14.91257  inches 

14.91312  inches 

4 . 1425  yards 


0.3788  centimeter 
3.7879  centimeters 
0.37879  meter 
0.37879  meter 

3.7879  meters 


3.  Itinerary  and  Land  Measures 


6  Kane      =   Shaku    =   1  Ken 
60  Ken        =    1  Cho 
36  Cho        =   1  Ri 

1  Ri  (Marine)  or  Knot 


5.965  feet 
119.305  yards 
2.44029  miles 
1.1528  miles 


1.81818  meters 
109.09091  meters 
3.92727  kilometers 
1.85526  kilometers 


AGRICULTURAL   OR    SQUARE   MEASURES 


1  Buor 

Tsubo 

30  Bu 

=   1  Se 

10  Se 

=    1  Tan 

10  Tan 

=   1  Cho 

1  Sq.  Ri 

1  Shaku 

10  Shaku 

=    1  Go 

10  Go 

=    1  Sho 

10  Sho 

=    1  To 

10  To 

=    1  Koku 

3.9540  sq.  yds. 
118.611  sq.  yds. 
1186.105  sq.  yds 
2.45062  acres 
5.95526  sq.  miles 

DRY   MEASURES 

0.0328  pint 
0.3276  pint 
1 .  6381  quarts 
2.0476  pecks 
5.1190  bushels 


0.03306  are 

0.99174  are 

9.91736  are 

99.17355  are 

15.4288  sq.  kilo. 


0.01804  liter 

0.18039  liter 

1.80391  liters 

18.03907  liters 

180.39068  hters 


1  This  is  the  commercial  value  used  in  vhe  Japanese  Custom  House. 

2  Used  only  in  cases  of  sailing  vessels  of  Japanese  type. 

3  Used  generally  in  cases  of  steamships  and  sailing  vessels  of  European  type  in  Japan. 

4  Japanese  law — Article  IV.     The  use  of  kujirajaku  which  has  been  in  habitual  use  to 
the  present  day,  is  permitted  only  for  the  measurement  of  cloth. 
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TABLE  VI  (Continued) 
LIQUID    MEASURES 


JAPANESE 

ENGLISH 

METRIC 

1  Shaku 
10  Shaku     = 
10  Go 
10  Sho 
10  To 

1  Go 
1  Sho 
1  To 
1  Koku 

0.1525  gill 
0.38125  pint 
1.8624  quarts 
4.7656  gals.  (U.S.) 
47.656  gals.  (U.  S.) 

COINS 

0.01804  liter 

0.18039  liter 

1.80391  liters 

18.03907  hters 

180.39068  liters 

1  Rin 
10  Rin       = 
100  Sen 

1  Sen 
1  Yen 

0.04985  cent 
0.4985  cent 
49.85  cents 

TABLE   VII 

SOME  CHINESE  WEIGHTS  AND  MEASURES  WITH  ENGLISH  AND 
METRIC   EQUIVALENTS 

WEIGHTS 


CHINESE 

1  Mace 
10  Mace 
16  Taels 
16  Taels 
30  Catties 
100  Catties 
120  Catties 


ENGLISH 


1  Tael  or  Leang 

1  Chin  or  Catty 

1  Kin  (Hong  Kong  Wgt.) 

1  Behar 

1  Picu] 

1  Shih 


58.333    grains 
1.3333  oz.(Av.) 
1.333  lbs.  (Av.) 
1.333  lbs.  (Av.) 
40  lbs.   (Av.) 
133.333  lbs.  (Av.) 
160  lbs.  (Av.) 


METRIC 

3 .  7799  grams 

37.7986       " 
.  60478  kilos 
.60446     " 

18.14370     '' 

60.478 

72.57479     " 


LINEAR    MEASURES 


1  T'Sun 
10  T'Sun 
56  T'Sun 

5  Ch'ih 
360  Pu 
10  Li 
25  Li 


1  Ch'ih 

1  Kung 

1  Pu 

1  Li 

1  Tang  Sun 

1  Tu 


1.41  inches 
14.1 

78.96       " 
70.5 

.40057    miles 
4.0057 
100.142 


3.581  cms. 
35.81       " 
2.006  meters 
1 . 7907       " 

.64464  kilometers 
6.4464 
161.1585 


1  Sheng 
10       Sheng 

5.5  Tou 

2  Hu 


1  Tou 
1  Hu 
1  Tan 


LIQUID    MEASURES 


1.088  quarts 
2.72     gals. 

14.96     gals. 

29.92     gals. 


(U.  S.) 
(U.  S.) 
(U.  S.) 
(U.  S.) 


1.029  liters 
10.289       " 
56.589       " 
113.178      " 


1  Picki 


DRY   MEASURE 

3.22  bushels  (U.  S.) 
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FOREIGN   WEIGHTS   AND    THEIR  ENGLISH   EQUIVALENTS 

Austria-Hungary 1  pfund  =        1.2346  lb. 

Belgium ^ 1  livre  =        1 .  102  lb. 

Egypt 1  cantar  =     99. 045  lb. 

Germany 1  pfund  =  500  grams 

Russia /I  pound  =       0 .  9028  lb. 

\1  pood  (40  pounds)       =     36.113  lb. 

Sweden 1  pound  =       0.9377  lb. 

Switzerland 1  zollpfund  =  500  grams 


CONVERSION   FACTORS 

If  it  is  desired  to  convert  in  the  opposite  manner  to  that  indicated  below, 
interchange  the  words  "multiply"  and  ''divide."  Example — To  convert 
inches  to  centimeters,  divide  by  0.3937,  or  multiply  by  2.54. 

LENGTH 

To  convert — 

Centimeters  to  inches  multiply  by     0.3937,  or  divide  bv  2.54 
Meters  to  inches                  "           "39.37,        "       "         "  .0254 

Meters  to  yards  (U.  S.)      "  "     1.0936,    "       "         "  0.9144 

Kilometers  to  miles  "  "    0.621,      "       "         "  1.6093 

AREA 

Centimeters  to  sq.  inches  multiplv  by     0. 155     or  divide  bv  6.451 
Square  meters  to  sq.  feet         "     "      "10.7664     "       "       "   0.0929 

VOLUME 

Cu.   centimeters  to  cubic  inches  multiply  by  16 .  383 
Cu.  meters  to  cubic  yards  "  "     1.308 

Liters  to  gallons  (231  cu.  in.)  "  "       .  2642  or  divide  by  3 .  78 

WEIGHTS 

Grams  to  grains,  multiply  by  15.432,    or  divide  by    0.065 


Grams  to  drams, 
Grams  to  deniers, 
Deniers  to  drams, 
Deniers  to  grams, 


0.5644,   "         "       "     1.772 
20  "         "       "    0.05 

0.028,     "         "       "35.437 
0.05,       "         "       "  20 
Grams  to  ounces  Av.,  multiply  by  0.0353,  or  divide  by  28.35 
Kilograms  to  ounces  Av.,  multiply  by  35.3,  or  divide  by  0.02835 
Kilograms  to  pounds  Av.,       "  "     2.2,"       "         "0.454 

MISCELLANEOUS 

Centigrade  degrees  to  Fahrenheit,  multiply  by  1 . 8  and  add  32 
Fahrenheit  degrees  to  Centigrade,  subtract  32  and  divide  by  1 . 8 
Calories  to  British  Thermal  Units,  multiply  by  3 .  968 
Che val  vapeur  to  horse-power,  "  "0.9863 

Watts  to  foot-pounds  per  second,  "  "0.7373 

Watts  to  horse-power,  divide  by  746 
Kilowatts  to  horse-power,  multiply  by  1 .  34 
Kilograms  per  sq.  cm.  to  lbs.  per  sq.  in.,  multiply  by  14.223 
Grams  per  cubic  cm.  to  lbs.  per  cu.  in.,  divide  by  27.7 
Meters  per  second  to  feet  per  minute,  multiply  by  196.86 
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DEFINITIONS 

The  Small  Calorie  is  the  amount  of  heat  required  to  raise  the  tempera- 
ture of  one  gram  of  water  one  degree  Centigrade. 
The  Large  Calorie  is  the  amount  of  heat  required  to  raise  the  tempera- 
ture of  one  kilogram  of  water  one  degree  Centigrade.     It  is  there- 
fore one  thousand  times  as  large  as  the  small  calorie. 
The  British  Thermal  Unit   (B.  T.  U.)   is  the  heat  required  to  raise 
the  temperature  of  one  pound  of  water  one  degree  Fahrenheit. 
The  Heat  of  Combustion  of  a  substance  is  the  number  of  small  or 
large  calories  of  heat  evolved  during  the  combustion  of  a  gram  or  a 
kilogram  of  the  substance.     Using  the  English  weights  and  measures 
it  is  the  number  of  B.  T.  U.  of  heat  evolved  during  the  combustion 
of  one  pound  of  the  substance. 

The  Ohm  is  the  unit  in  which  the  resistance  of  a  conductor  to  fhe 
passing  of  electric  energy  is  expressed. 

The  Ampere  is  the  unit  in  which  the  rate  of  transmission  of  electric 
energy  is  expressed. 

The  Volt  is  the  unit  of  electromotive  force  or  electrical  pressure. 
The  Watt  is  the  unit  of  power,  the  power  of  one  ampere  of  current 
at  an  electrical  pressure  of  one  volt. 

The  Kilowatt  equals  1000  watts,  equivalent  to  approximately  one  and 
a  third  horsepower. 

YARN  NUMBERING 

There  are  many  systems  by  which  the  "number,"  "size,"  or  "count" 
of  yarns  is  expressed.  While  many  of  them  are  used  only  in  particu- 
lar districts  or  countries,  each  is  based  on  one  of  two  general  prin- 
ciples, viz.:  either  the  weight  of  a  definite  length  or  the  length  con- 
tained in  a  definite  weight.  The  number,  or  count,  is  therefore 
expressed  below,  either  as  the  weight  of  a  standard  unit  skein  or 
hank,  or  the  number  of  standard  skeins  required  to  weigh  a  standard 
amount.  Folded  yarns,  "numbered  on  the  single  yarn,"  are  expressed 
with  the  ply  first  and  then  the  single  yarn  number  from  which  they 
are  spun.  Thus,  3/60  means,  60s  single-folded  to  20.  Folded  yarns, 
"numbered  as  found,"  are  expressed  with  the  number  as  found  first 
and  then  the  ply.  Thus,  40/2  means  that  the  40  is  doubled  from  2 
single  80s.  For  average  and  resultant  counts  for  mixed  yarns  of 
the  same  or  different  denominations  see  some  manual  on  textile  cal- 
culations. (Example:  Bradbury,  "Calculations  in  Yarns  and  Fab- 
rics," pp.  37  to  52,  Ashenhurst,  "Textile  Calculations  and  Structure 
of  Fabrics,"  pp.  19  to  32.) 
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ALL   YARNS 

International  Metric  Count,  for  all  kinds  of  yarn. 

The  yarn  count  is  the  number  of  meters  in  one  gram. 
No.  20  means  a  length  of  20  meters  weighs  one  gram  (adopted  by  the 
Paris  Conference  of  1900). 

SILK 

RAW  SILK 

Legal  Denier  Count.     Adopted  at  Paris  Conference  1900. 

The  size  is  the  weight  of  a  4i50-meter  skein  in  deniers  (5  centigrams) . 

THROWN  SILK 

Legal  Denier  Count.     Same  as  for  raw  silk. 

English  Dram  Count.     Used  principally  in  England  and  America. 

The  size  is  the  weight  of  a  1000-yard  skein  in  drams. 
Yorkshire  Ounce  System.     Used  only  in  England. 

The  size  is  the  number  of  yards  in  one  ounce  avoirdupois. 

SPUN  SILK 

English  System. 

This  is  the  same  as  the  English  Cotton  System,  except  that  the  folded 

yarns  are  numbered  as  found  instead  of  on  the  basis  of  the  single. 
Continental  System. 

The  size  is  the  number  of  1000-meter  skeins  in  one  kilogram.     Folded 

yarns  are  numbered  on  the  single  yarn. 

SILK  NOIL  YARN 

Cut  System. 

The  size  is  the  number  of  "cuts"  of  300  yards  in  one  pound. 

ARTIFICIAL  SILK 
Legal  Denier  System.     The  same  as  natural  silk. 

COTTON 

English  Cotton  Count. 

The  count  is  the  number  of  840-yard  hanks  in  a  pound   avoirdupois. 

Folded  yarns  are  numbered  on  the  single  yarns  from  which  they  are  spun. 
Continental  System.     Same  as  International  System. 

The  count  is  the  number  of  1000-meter  hanks  in  one-half  kilogram. 

Folded  yarns  are  numbered  on  the  singles  from  which  they  are  spun. 

WORSTED 

English  Worsted  Count. 

The  count  is  the  number  of  560-yard  hanks  in  one  pound.      Folded  yarns 
are  numbered  on  the  single  yarn  from  which  they  are  spun. 

Continental  System.     Same  as  International  System. 

The  count  is  the  number  of  1000-meter  hanks  in  one  kilogram.      Folded 
yarns  are  numbered  on  the  single  yarn  from  which  they  are  spun. 

WOOLEN 

Yorkshire  Count. 

The  count  is  the  number  of  256-yard  hanks  in  a  pound,  or  the  number 

of  yards  weighing  one  dram. 
Galashiels  Count. 

The  count  is  the  number  of  300-yard  "cuts"  or  hanks  in  24  ounces,  or 

its  equivalent,  the  number  of  200-yard  "cuts"  or  hanks  in  a  pound. 
West  of  England  Count. 

The  count  is  the  number  of  320-yard  hanks  in  a  pound  or  the  number 

of  20-yard  hanks  in  an  ounce. 
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American  Systems. 

Grain  count.  The  count  is  the  weight  of  20-yard  skein  in  grains  run 
count  (New  England).  The  count  is  the  number  of  1600-yard  hanks  in 
a  pound  or  the  weight  of  100-yard  in  ounces.  Cut  count  (Philadelphia). 
The  count  is  the  number  of '300-yard  ''cuts"  or  hanks  in  a  pound. 

LINEN   AND   HEMP 

English  Count. 

The  count  is  the  number  of  300-yard  hanks  or  leas  in  a  pound.  Folded 
yarns  are  numbered  on  the  single  yarn  from  which  they  are  spun.  A 
spindle  of  linen  is  14,400  yards.  A  bundle  of  linen  is  200  leas,  equal  to 
60,000  yards. 

Continental  Count. 

The  count  is  the  number  of  1000-meter  hanks  in  one-half  kilogram. 

JUTE   AND    HEAVY   FLAXES   AND   HEMP 

Dundee  Jute  Count. 

The  number  is  the  weight  of  a  spindle,  14,400  yards  in  a  pound. 

RAMIE 

English  Count. 

The  count  is  the  number  of  300-yard  hanks  in  a  pound. 
Continental  Count.     Same  as  International  System. 

The  count  is  the  number  of  1000-meter  hanks  in  one  kilogram. 

MOHAIR   AND    CAMELS'    HAIR 

Same  as  the  systems  for  worsted. 

YARN  COUNT  CONVERSION  FACTORS 

The  Textile  Recorder,  August,  1902,  contained  a  table  computed  by 
Watson,  by  which  if  the  length  is  known  in  yards  and  the  weight  in 
grains,  the  count  can  be  computed  for  any  of  the  systems  given. 


Materia! 

All  Yarns     . . 

TABLE 

System 

Metric 

VIII 

Weight  in  grai) 

of  1  yard  of 

I's  yarn 

14.11 

Worsted 

Continental 

14  11 

(I 

.  .   English,  American.  .  . 
French  (Roubaix).   . 

lerican 

iss,  American. . .  . 

12.5 
9  93 

li 

.  .    French  (Fournies).. .  . 

4.97 

Spun  Silk 

Cotton 

Linen,  Hemp. .  . 
Ramie 

Woolen 

.  .   French,  Swiss 

.  .   English,  German,  An: 
.  .    English,  German,  Sw 

.  .   French 

.  .   Almost  Universal . .  .  . 

.  .    English 

.  .   Continental 

Yorkshire  Skeins. 

14.11 

8.33 

8.33 

7.05 

23.33 

23.33 

14.11 

27  34 

.  .   West  of  England 

21.87 

.  .   American  Run 

4.375 

.  .    German 

Lanj 

4.81 

" 

.  .    Belgian.  French    (Sed 
.  .   French  (Elbeuf ) 

4.72 
1.96 

Raw  Silk Ounce  System 437 . 5 

Rule  for  Table  VHI.    Divide  the  number  of  yards  in  the  sample  bj'  its 
weight  in  grains  and  multiply  the  quotient  by  the  factor  given  in  the  table. 
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TABLE  IX 

No.  of  yards  of 

I's  yarn  which 

Material  System  weigh  1  grain 

Raw  Silk Dram  System 365 

"        Denier  System G34 

Woolen American  Grain 20 

Rule  for  Table     IX.     Divide  the  weight  of  the  sample  in  grains  by  its 
length  in  yards  and  multiply  the  quotient  by  the  factor  given  in  the  table. 

To  convert — 

English  worsted  to  metric  worsted  divide  by  0 .  886 

EngUsh  cotton  to  metric  cotton  divide  by  1 .  18 

English  spun  silk  to  metric  spun  silk  multiply  by  1 .  694 

Drams  per  1000  yards  to  deniers  per  450  meters  multiply  by  17.44 

Deniers  per  450  meters  to  drams  per  1000  yards  divide  by  17.44 

Cotton  and  spun  silk  to  worsted  multiply  by  1.5 

Cotton  and  spun  silk  to  woolen,  Yorkshire  skein,  multiply  by  2 .  685 

Cotton  and  spun  silk  to  woolen,  West  England,  multiply  Ijv  2.625 

Cotton  and  spun  silk  to  linen,  wet  spun,  multiply  by  2.8 
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TABLE    X 

COMPARATIVE   YARN   TABLES 


Yards 

Yards 

Per  Lb. 

Per  Oz 

840 

521 

1,260 

78! 

1,680 

105 

2,100 

131i 

2,520 

157i 

2,940 

1831 

3,360 

210 

3,780 

236i 

4,200 

262i 

4,620 

2881 

5,040 

315 

5,460 

34U 

5,880 

367i 

6,300 

393f 

6,720 

420 

7,140 

446i 

7,560 

4721 

7,980 

498f 

8,400 

525 

8,820 

55U 

9,240 

577i 

9,660 

603f 

10,080 

630 

10,500 

656i 

10,920 

682i 

11,340 

708f 

11,760 

735 

12,180 

76U 

12,600 

787^ 

13,020 

8131 

13,440 

840 

13,860 

866i 

14,280 

8921 

14,700 

9181 

15,120 

945 

15,540 

97U 

15,960 

9971 

16,380 

l,023f 

16,800 

1,050 

17,220 

l,076i 

17,640 

l,102i 

18,060 

1,1281 

18,480 

1,155 

18,900 

1,18U 

19,320 

1,2071 

19,740 

l,233f 

20,160 

1,260 

20,580 

l,286i 

21,000 

1,3121 

21,420 

1,3381 

Meters 
Per  Kilo- 
gram. 


1,692 
2,539 
3,384 
4,232 
5,078 
5,925 
6,768 
7,617 
8,464 
9,310 
10,157 
11,003 
11,850 
12,696 
13,536 
14,389 
15,235 
16,082 
16,928 
17,775 
18,621 
19,468 
20,314 
21,161 
22,007 
22,853 
23,700 
24,546 
25,393 
26,239 
27,072 
27,932 
28,779 
29,625 
30,471 
31,318 
32,164 
33,011 
33,857 
34,704 
35,550 
36,397 
37,243 
38,089 
38,936 
39,782 
40,629 
41,475 
42,322 
43,168 


Scale  in 

I^egal 
Deniers 


5,314.915 
3,543.277 
2,657.457 
2,125.966 
1,771.638 
1,518.547 
1,328.729 
1,181.092 
1,062.983 
966.349 
885.819 
817.679 
759.274 
708 . 655 
664.364 
625.284 
590.546 
559.465 
531.491 
506.182 
483.172 
462.166 
442.910 
425.193 
408.839 
393.698 
379.637 
366.546 
354.328 
342.898 
332.182 
322.115 
312.642 
303.709 
295.273 
287.293 
279.732 
272.560 
265.746 
259.264 
253.091 
247.205 
241 . 586 
236.218 
231.083 
226.167 
221.455 
216.936 
212.597 
208.428 


Drams 

Per    1000 

Yards 


304.761 
203.174 
152.380 
121.904 
101.587 
87.074 
76.190 
67.195 
60.952 
55.411 
50.793 
46.886 
43.537 
40.634 
38.095 
35.854 
33.597 
32.080 
30.476 
29.024 
27.705 
26.501 
25.396 
24.380 
23.443 
22.574 
21 . 768 
21.018 
20.317 
19.662 
19.047 
18.470 
17.927 
17.414 
16.798 
16.473 
16.040 
15.628 
15.238 
14.866 
14.512 
14.174 
13.852 
13.544 
13.250 
12.968 
12.698 
12.439 
12.190 
11.951 


Linen 

Scale.  Leas 

of  300  Yds. 

in  1  Lb. 


2.800 
4.200 
5.600 
7.000 
8.400 
9.800 
11.200 
12.600 
14.000 
15.400 
16.800 
18.200 
19.600 
21.000 
22.400 
23.800 
25.200 
26.600 
28.000 
29.400 
30.800 
32 . 200 
33.600 
35.000 
36.400 
37.800 
39.200 
40.600 
42.000 
43.400 
44.800 
46.200 
47.600 
49.000 
50.400 
51.800 
53.200 
54.600 
56.000 
57.400 
58.800 
60.200 
61.600 
63 . 000 
64.400 
65.800 
67.200 
68.600 
70.000 
71.400 
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TABLE    X    (Continued) 
COMPARATIVE  YARN   TABLES 


Spun 

Aletors 

Scale  in 

Drams 

Linen 

Wor- 

Silk & 

Yards 

Yards 

Per   Kilo- 

Legal 

Per   1000 

Scale.  Leas 

sted 

Cotton 

Per   Lb. 

Per  ()z. 

gram 

Deniers 

Yards 

of  300  Yds. 

Scale 

Scale 

in  1  Lb. 

26 

21,840 

1,365 

44,015 

204 . 420 

11.721 

72.800 

39 

263^ 

22,2()0 

1,39U 

44,861 

200.563 

11.500 

74.200 

39f 

27 

22,680 

1,417^ 

45,707 

196.849 

11.287 

75.600 

40^ 

27K 

23,100 

l,443f 

46,554 

193.270 

11.082 

77 . 000 

4U 

28 

23,520 

1,470 

47,400 

189.818 

10.884 

78.400 

42 

283^ 

23,940 

l,496i 

48,247 

186.488 

10.693 

79.800 

42f 

29 

24,360 

l,522i 

49,093 

183.273 

10.509 

81.200 

43^ 

291  > 

24,780 

1,5481 

49,940 

180.167 

10.330 

82.600 

44i 

30 

25,200 

1,575 

50,786 

177.164 

10.158 

84.000 

45 

303^ 

25,620 

1,60U 

51,632 

174.260 

9.992 

85.400 

45f 

31 

26,040 

1  627^ 

52,479 

171.449 

9.831 

86.800 

m 

3132 

26,460 

1,6531 

53,325 

168.727 

9.674 

88.200 

47i 

32 

26,880 

1,680 

54,144 

166.091 

9.523 

89 . 600 

48 

32  >^ 

27,300 

l,706i 

55,018 

163.536 

9.377 

91.000 

481 

33 

27,720 

1,7321 

55,865 

161.057 

9.235 

92.400 

491 

331^ 

28,140 

1,7581 

56,711 

158.654 

9.097 

93.800 

501 

34 

28,560 

1,785 

57,558 

156.321 

8.963 

95.200 

51 

343-^ 

28,980 

1,81U 

58,404 

154.055 

9.833 

96.600 

51f 

35 

29,400 

1,837^ 

59,250 

151.855 

8.707 

98.000 

521 

35^ 

29,820 

1,8631 

60,097 

149.716 

8.584 

99.400 

531 

36 

30,240 

1,890 

60,943 

147.637 

8.399 

100.800 

54 

36^-^ 

30,660 

1,9161 

61,790 

145.614 

8.349 

102.200 

541 

37 

31,080 

1,942* 

62,636 

143 . 646 

8.236 

103 . 600 

551 

373^^ 

31,500 

l,968f 

63,483 

141.731 

8.126 

105.000 

56i 

38 

31,920 

1,995 

64,329 

139.866 

8.020 

106.400 

57 

38  >^ 

32,340 

2,0211 

65,176 

138.049 

7.915 

107.800 

57f 

39 

32,760 

2,0471 

66,022 

136.280 

7.814 

109 . 200 

581 

39H 

33,180 

2,073f 

66,868 

134.555 

7.715 

110.600 

591 

40 

33,600 

2,100 

67,715 

132.873 

7.619 

112.000 

60 

40  >^ 

34,020 

2,1261 

68,561 

131.233 

7.524 

113.400 

60| 

41 

34,440 

2,1521 

69,408 

129.632 

7.433 

114.800 

611 

413^ 

34,860 

2,1781 

70,254 

128.070 

7.343 

116.200 

621 

42 

35,280 

2,205 

71,101 

126.546 

7.256 

117.600 

63 

42H 

35,700 

2,2311 

71,947 

125.057 

7.170 

119.000 

63 1 

43 

36,120 

2,257^ 

72,794 

123.603 

7.087 

120.400 

641 

433^ 

36,540 

2,283f 

73,640 

122.182 

7.006 

121.800 

651 

44 

36,960 

2,310 

74,486 

120.793 

6.926 

123 . 200 

66 

443^ 

37,380 

2,3361 

75,333 

119.436 

6.848 

124.600 

66f 

45 

37,800 

2,3621 

76,179 

118.109 

6.772 

126.000 

67^ 

453^ 

38,220 

2,388f 

77,026 

116.811 

6.698 

127.400 

681 

46 

38,640 

2,415 

77,872 

115.542 

6.625 

128.800 

69 

463^ 

39,060 

2,4411 

78.719 

114.289 

6.554 

130.200 

69f 

47 

39,480 

2,4671 

79;565 

113.083 

6.484 

131.600 

70^ 

473^ 

39,900 

2,493f 

80,412 

111.893 

6.416 

133.000 

7U 

48 

40,320 

2,520 

81,258 

110.727 

6.349 

134.400 

72 

483^ 

40,740 

2,5461 

82,104 

109.586 

6.283 

135.800 

72f 

49 

41,160 

2,5721 

82,951 

108.468 

6.219 

137.200 

731 

493^ 

41,580 

2,5981 

83,797 

107.149 

6.156 

138.600 

741 

50 

42,000 

2,625 

84,644 

106.298 

6.095 

140.000 

75 

51 

42,840 

2,6771 

86,337 

104.214 

5.975 

142 . 800 

76^ 
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TABLE   X    (Continued) 
COMPARATIVE   YARN   TABLES 


Spun 
SUk  & 

Yards 

Yards 

Meters 
Per  Kilo- 

Scale in 
Legal 

Drams 
Per    1000 

Linen 
Scale.  Leas 

Wor- 
sted 

Cotton 
Scale 

Per   Lb. 

Per   Oz. 

gram 

Deniers 

Yards 

of  300  Yds. 
in  1  Lb. 

Scale 

52 

43,680 

2,730 

88,030 

102.210 

5.860 

145.600 

78 

53 

44,520 

2,782i 

89,722 

100.281 

5.  750 

148.400 

791 

54 

45,360 

2,835 

91,415 

98.425 

5.643 

151.200 

81 

55 

46,200 

2,887^ 

93,108 

96.635 

5.541 

154.00.0 

821 

56 

47,040 

2,940 

94,801 

94.909 

5.442 

156.800 

84 

57 

47,880 

2,9921 

96,494 

93.244 

5.346 

159.600 

851 

58 

48,720 

3,045 

98,195 

91.637 

5.254 

162.400 

87 

59 

49,560 

3,097i 

99,880 

90.083 

5. 165 

165.200 

881 

60 

50,400 

3,150 

101,573 

88.582 

5.079 

168.000 

90 

61 

51,240 

3,2021 

103,265 

87.130 

4.996 

170.800 

9U 

62 

52,080 

3,255 

104,958 

85.725 

4.915 

173 . 600 

93 

63 

52,920 

3,3071 

106,651 

84.364 

4.837 

176.400 

m 

64 

53,760 

3,360 

108,288 

83.045 

4.761 

179.200 

96 

65 

54,600 

3,412i 

110,037 

81.768 

4.688 

182.000 

971 

66 

55^40 

3,465 

111,730 

80.529 

4.617 

184.800 

99 

67 

56,280 

3,5171 

113,423 

79.327 

4.548 

187.600 

lOOi 

68 

57,120 

3,570 

115,116 

78.1^1 

4.481 

190.400 

102 

69 

57,960 

3,6221 

116.809 

77.028 

4.416 

193 . 200 

1031 

70 

58,800 

3,675 

118,501 

75.927 

4.353 

196.000 

105 

71 

59,640 

3,7271 

120,194 

74.858 

4.292 

198.800 

1061 

72 

60,480 

3,780 

121,887 

73.818 

4.199 

201.600 

108 

73 

61,320 

3,8321 

123,580 

72.807 

4.174 

204.400 

109§ 

74 

62,160 

3,885 

125,273 

71.823 

4.118 

207.200 

111 

75 

63,000 

3,937^ 

126,966 

70.866 

4.063 

210.000 

112i 

76 

63,840 

3,990 

128,659 

69.933 

4.010 

212.800 

114 

77 

64,680 

4,0421 

130.352 

69.025 

3.957 

215.600 

1154 

78 

65,520 

4,095 

132,045 

68.140 

3.907 

218.400 

117 

79 

66,360 

4,147^ 

133,737 

67.277 

3.857 

221 . 200 

IIS^ 

80 

67,200 

4,200 

135;430 

66.436 

3.809 

224.000 

120 

81 

68,040 

4,252A 

137,123 

65.616 

3.762 

226.800 

121^ 

82 

68,880 

4,305 

138,816 

64.816 

3.716 

229.600 

123 

83 

69,720 

4,357^ 

140,509 

64.035 

3.671 

232.400 

1241 

84 

70,560 

4,410 

142,202 

63.273 

3.628 

235.200 

126 

85 

71,400 

4,4621 

143,895 

62.528 

3.585 

238.000 

127^ 

86 

72,240 

4,515 

145,588 

61.801 

3.543 

240.800 

129 

87 

73,080 

4,567^ 

147,280 

61.091 

3.503 

243 . 600 

130i 

88 

73,920 

4,620 

148,973 

60.396 

3.463 

246.400 

132 

89 

74,760 

4,672i 

150,666 

59.718 

3.424 

249.200 

133^ 

90 

75,600 

4,725 

152,359 

59.055 

3.386 

252.000 

135 

91 

76,440 

4,7771 

154,052 

58.406 

3.349 

254.800 

1361 

92 

77,280 

4,830 

155,744 

57.771 

3.312 

257.600 

138 

93 

78,120 

4,8821 

157,438 

57.150 

3.277 

260.400 

1391 

94 

78,960 

4,935 

159,131 

o(y .  542 

3.242 

263.200 

141 

95 

79,800 

4,9871 

160,824 

55 . 946 

3.208 

266.000 

142^ 

96 

80,640 

5,040 

162,516 

55.364 

3.174 

268.800 

144 

97 

81,480 

5,om 

164,209 

54.793 

3.141 

271.600 

145^ 

98 

82,320 

5,145 

165,902 

54.234 

3.109 

274.400 

147 

99 

83,160 

5,197^ 

167,595 

53 . 575 

3.078 

277 . 200 

im 

100 

84,000 

5,250 

169,288 

53.149 

3.047 

280.000 

150 
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TABLE    X    (Continued) 
COMPARATIVE   YARN   TABLES 


Spun 

Linen  Scale. 

Silk    & 

Yards 

Yards 

Meters 

Scale  in 

Drams 

Leas    of 

Cotton 

Per   Lb. 

Per    Oz. 

Per  Kilo- 

Legal 

Per  1000 

300  Yds    in 

Scale 

gram 

Deniers 

Yards 

1    Lb. 

105 

88,200 

5,512| 

177,752 

50.618 

2.902 

294.000 

110 

92,400 

5,775 

186,217 

48.317 

2.770 

308.000 

115 

96,600 

6,0371 

194,681 

46.217 

2.650 

322.000 

120 

100,800 

6,300 

203,146 

44.291 

2.539 

336.000 

125 

105,000 

6,5621 

211,610 

42.519 

2.438 

350.000 

130 

109,200 

6,825 

220,075 

40.884 

2.344 

364.000 

135 

113,400 

7,087^ 

228,539 

39.370 

2 .  257 

378.000 

140 

117,600 

7,350 

237,003 

37.964 

2.176 

392.000 

145 

121,800 

7,612i 

245,468 

36.655 

2.101 

406 . 000 

150 

126,000 

7,875 

253,932 

35.433 

2.031 

420.000 

155 

130,200 

8,1371 

262,397 

34.290 

1.966 

434.000 

160 

134,400 

8,400 

270,861 

33.218 

1.904 

448.000 

165 

138,600 

8,662i 

279,326 

32.211 

1.847 

462.000 

170 

142,800 

8,925 

287,790 

31.264 

1 .  792 

476.000 

175 

147,000 

9,187^ 

296,254 

30.371 

1.741 

490.000 

180 

151,200 

9,450 

304,719 

29.527 

1.693 

504.000 

185 

155,400 

9,712^ 

313,183 

28.729 

1.647 

518.000 

190 

159,600 

9,975 

321,648 

27.973 

1.604 

532.000 

195 

163,800 

10,2371 

330,112 

27.256 

1.562 

546.000 

200 

168,000 

10,500 

338,577 

26.575 

1.523 

560.000 

205 

172,200 

10,7621 

347,041 

25.926 

1.486 

574.000 

210 

176,400 

11,025 

355,505 

25.309 

1.451 

588.000 

215 

180,600 

11,287^ 

363,970 

24.721 

1.417 

602 . 000 

220 

184,800 

11,550 

372,432 

24.159 

1.385 

616.000 

225 

189,000 

11,8121 

380,898 

23.622 

1.354 

630.000 

230 

193,200 

12,075 

389,363 

23 . 108 

1.325 

644.000 

.  235 

197,400 

12,3371 

397,827 

22.617 

1.296 

658.000 

240 

201,600 

12,600 

406,292 

22.146 

1.269 

672.000 

245 

205,800 

12,8621 

414,756 

21.694 

1.243 

686.000 

250 

210,000 

13,125 

423,221 

21.260 

1.219 

700.000 

255 

214,200 

13,3871 

431,685 

20.843 

1.195 

714.000 

260 

218,400 

13,650 

440,150 

20.442 

1.172 

728.000 

265 

222,600 

13,912^ 

448,614 

20.056 

1.150 

742.000 

270 

226,800 

14,175 

457,078 

19.685 

1.128 

756.000 

275 

231,000 

14,4371 

465,543 

19.327 

1.108 

770.000 

280 

235,200 

14,700 

474,007 

18.982 

1.088 

784.000 

285 

239,400 

14,9621 

482,472 

18.649 

1.069 

798.000 

290 

243,600 

15,225 

490,936 

18.327 

1.050 

812.000 

295 

247,800 

15,487^ 

499,401 

18.017 

1.033 

826.000 

300 

252,000 

15,750 

507,865 

17.716 

1.015 

840.000 

305 

256,200 

16,012^ 

516,329 

17.426 

0.999 

854.000 

310 

260,400 

16,275 

524,794 

17.145 

0.983 

868.000 

315 

264,600 

16,537^ 

533,258 

16.873 

0.967 

882.000 

320 

268,800 

16,800 

541,723 

16.609 

0.952 

896.000 

325 

273,000 

17,0621 

550,187 

16.354 

0.937 

910.000 

330 

277,200 

17,325 

558,652 

16.106 

0.923 

924.000 

335 

281,400 

17,5871 

567,116 

15 . 865 

0.909 

938.000 

340 

285,600 

17,850 

575,580 

15.632 

0.896 

952.000 

345 

289,800 

18,1121 

584,045 

15.406 

0.883 

966.000 

350 

294,000 

18,375 

592,509 

15.186 

0.870 

1980.000 
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TABLE  X  (Continued) 
COMPARATIVE   YARN   TABLES 


Spun 
Silk  & 
Cotton 

Scale 

Yards 

Meters 

Scale  in 

Drams 

LinenScale. 

Per  Lb. 

Yards 
Per  Oz. 

Per  Kilo- 
gram 

Legal 
Deniers 

Per  1000 
Yards 

Leas  of 

300  Yds.  in 

1  Lb. 

355 

298,200 

18,6371 

600,974 

14.972 

0.858 

994.000 

360 

302,400 

18,900 

609,438 

14.764 

0.846 

1,008.000 

365 

306,600 

19,162i 

617,903 

14.561 

0.834 

1,022.000 

370 

310,800 

19,425 

626,367 

14.365 

0.823 

1,036.000 

375 

315,000 

19,6871 

634,832 

14.173 

0.812 

1,050.000 

380 

319,200 

18,950 

643,296 

13,987 

0.802 

1,064.000 

385 

323,400 

20,2121 

651,761 

13.805 

0.791 

1,078.000 

390 

327,600 

20,475 

660,225 

13.628 

0.781 

1,092.000 

395 

331,800 

20,737i 

668,690 

13.455 

0.771 

1,106.000 

400 

336,000 

21,000 

677,155 

13.287 

0.761 

1,120.000 

405 

340,200 

21,262i 

685,619 

13.123 

0.752 

1,134.000 

410 

344,400 

21,525 

694,082 

12.963 

0.743 

1,148.000 

415 

348,600 

21,7871 

702,548 

12.807 

0.734 

1,162.000 

420 

352,800 

22,050 

711,011 

12.655 

0.725 

1,176.000 

425 

357,000 

22,3121 

719,477 

12.506 

0.717 

1,190.000 

430 

361,200 

22,575 

727,940 

12.360 

0.708 

1,204.000 

435 

365,400 

22,837i 

736,406 

12.218 

0.700 

1,218.000 

440 

369,600 

23,100 

744,869 

12.079 

0.692 

1,232.000 

445 

373,800 

23,362^ 

753,334 

11.944 

0.684 

1,246.000 

450 

378,000 

23,625 

761,797 

11.811 

0.677 

1,260.000 

455 

382,200 

23,887i 

770,262 

11.681 

0.669 

1,274.000 

460 

386,400 

24,150 

778,727 

11.554 

0.662 

1,288.000 

465 

390,600 

24,412i 

787,191 

11.429 

0.655 

1,302.000 

470 

394,800 

24,675 

795,655 

11.308 

0.648 

1,316.000 

475 

399,000 

24,937i 

804,120 

11.189 

0.641 

1,330.000 

480 

403,200 

25,200 

812,584 

11.073 

0.634 

1,344.000 

485 

407,400 

25,462^ 

821,048 

10.959 

0.628 

1,358.000 

490 

411,600 

25,725 

829,513 

10.847 

0.621 

1,372.000 

495 

415,800 

25,987i 

837,977 

10.715 

0.615 

1,386.000 

500 

420,000 

26,250 

846,443 

10.630 

0.609 

1,400.000 

505 

424,200 

26,5121 

854,906 

10.525 

0.603 

1,414.000 

510 

428,400 

26,775 

863,371 

10.421 

0.597 

1,428.000 

515 

432,600 

27,0371 

871,835 

10.320 

0.591 

1,442.000 

520 

436,800 

27,300 

880,300 

10.221 

0.586 

1,456.000 

525 

441,000 

27,5621 

888,764 

10.124 

0.580 

1,470.000 

530 

445,200 

27,825 

897,229 

10.028 

0.575 

1,484.000 

535 

449,400 

28,087^ 

905,692 

9.934 

0.569 

1,498.000 

540 

453,600 

28,350 

914,157 

9.843 

0.564 

1,512.000 

545 

457,800 

28,6121 

922,621 

9.752 

0.559 

1,526.000 

550 

462,000 

28,875 

931,086 

9.664 

0.554 

1,540.000 

555 

466,200 

29,137^ 

939,550 

9.576 

0.549 

1,554.000 

560 

470,400 

29,400 

948,015 

9.491 

0.544 

1,568.000 

565 

474,600 

29,6621 

956,479 

9.407 

0.539 

1,582.000 

470 

478,800 

29,925 

964,944 

9.324 

0.534 

1,596.000 

575 

483,000 

30,1871 

973,409 

9.244 

0.530 

1,610.000 

580 

487,200 

30,450 

981,873 

9.164 

0.525 

1,624.000 

585 

491,400 

30,7121 

990,338 

9.085 

0.520 

1,638.000 

590 

495,600 

30,975 

998,802 

9.008 

0.516 

1,652.000 

595 

499.S00 

31,2371 

1,007,267 

8.933 

0.512 

1,666.000 

600 

504,000 

31,500 

1,015,731 

8.858 

0.507 

1,680.000 
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TABLE    XI 


NUMBERING    COTTON    YARN    AND    SPUN    SILK    BY   WEIGHT   IN 
GRAINS   OF   120  YARDS 


Number 

120  yards 

Number 

120  yards 

Number 

120  yards 

Number 

120  yards 

of 

Weight 

of 

Weight 

of 

,  Weight 

of 

Weight 

Yarn 

in  Grains 

Yarn 

in  Grains 

Yarn 

in  Grains 

Yarn 

in  Grains 

1 

1000.00 

51 

19.61 

101 

9.90 

151 

6.62 

2 

500.00 

52 

19.23 

102 

9.80 

152 

6.58 

3 

333 . 33 

53 

18.87 

103 

9.71 

153 

6.54 

4 

250.00 

54 

18.52 

104 

9.62 

154 

6.49 

5 

200.00 

55 

18.18 

105 

9.52 

155 

6.45 

6 

166.67 

56 

17.86 

106 

9.43 

156 

6.41 

7 

142.86 

57 

17.55 

107 

9.35 

157 

6.37 

8 

125.00 

58 

17.24 

108 

9.26 

158 

6.33 

9 

111.11 

59 

16.95 

109 

9.17 

159 

6.29 

10 

100.00 

60 

16.67 

110 

9.09 

160 

6.25 

11 

90.91 

61 

16.39 

111 

9.01 

161 

6.21 

12 

83.33 

62 

16.13 

112 

8.93 

162 

6.17 

13 

76.92 

63 

15.87 

113 

8.85 

163 

6.13 

14 

71.43 

64 

15.62 

114 

8.77 

164 

6.10 

15 

66.67 

65 

15.38 

115 

8.70 

165 

6.06 

16 

62.50 

66 

15.15 

116 

8.62 

166 

6.02 

17 

58.82 

67 

14.93 

117 

8.55 

167 

5.99 

18 

55.56 

68 

14.71 

118 

8.47 

168 

5.95 

19 

52.63 

69 

14.49 

119 

8.40 

169 

5.92 

20 

50.00 

70 

14.29 

120 

8.33 

170 

5.88 

21 

47.62 

71 

14.08 

121 

8.26 

171 

5.85 

22 

45.45 

72 

13.89 

122 

8.20 

172 

5.81 

23 

43.48 

73 

13.70 

123 

8.13 

173 

5.78 

24 

41.67 

74 

13.51 

124 

8.06 

174 

5.75 

25 

40.00 

75 

13.33 

125 

8.00 

175 

5.71 

26 

38.46 

76 

13.16 

126 

7.94 

176 

5.68 

27 

37.04 

77 

12.99 

127 

7.87 

177 

5.65 

28 

35.71 

78 

12.82 

128 

7.81 

178 

5.62 

29 

34.48 

79 

12.66 

129 

7.75 

179 

5.59 

30 

33.33 

80 

12.50 

130 

7.69 

180 

5.56 

31 

32.26 

81 

12.35 

131 

7.63 

181 

5.52 

32 

31.25 

82 

12.20 

132 

7.58 

182 

5.49 

33 

30.30 

83 

12.05 

133 

7.52 

183 

5.46 

34 

29.41 

84 

11.90 

134 

7.46 

184 

5.43 

35 

28.57 

85 

11.76 

135 

7.41 

185 

5.41 

36 

27.78 

86 

11.63 

136 

7.35 

186 

5.38 

37 

27.03 

87 

11.49 

137 

7.30 

187 

5.35 

38 

26.32 

88 

11.36 

138 

7.25 

188 

5.32 

39 

25.64 

89 

11.24 

139 

7.19 

189 

5.29 

40 

25.00 

90 

11.11 

140 

7.14 

190 

5.26 

41 

24.39 

91 

10.99 

141 

7.09 

191 

5.24 

42 

23.81 

92 

10.87 

142 

7.04 

192 

5.21 

43 

23.26 

93 

10.75 

143 

6.99 

193 

5.18 

44 

22.73 

94 

10.64 

144 

6.94 

194 

5.15 

45 

22.22 

95 

10.53 

145 

6.90 

195 

5.13 

46 

21.74 

96 

10 .  42 

146 

6.85 

196 

5.10 

47 

21.28 

97 

10.31 

147 

6.80 

197 

5.08 

48 

20.83 

98 

10.20 

148 

6.76 

198 

5.05 

49 

20.41 

99 

10.10 

149 

6.71 

199 

5.03 

50 

20.00 

100 

10.00 

150 

6.67 

200 

5.00 
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TABLE    XII 

YARDS  OF  SILK  TO  THE  POUND  IN  SIZES  9/1 1  TO  16/18  DENIERS, 
TAKING  THE  AVERAGE  OF  THE  SIZE 

Explanation:    1.  The  table  gives  the  raw  silk  yards  to  the  pound. 

2.  If  thrown  unsoaked,  the  silk  is  shortened  about  three  per 

cent,  depending  on  the  varying  twists  and  threads. 

3.  The  difference  between  the  raw  and  thrown  silk  boil-off, 

when  added  to  this  three  per  cent,  indicates  the  num- 
ber of  the  table  to  be  used  up  to  ten. 


I6/I8-I6H  to  171^ 
15/17-151^  to  UV2 
14/16-14H  to  153^ 
13/15-133^  to  141^ 
12/14-12H  to  13K 
11/13-113^  to  12K 
10/12-103^  to  IIH 
9/11-  9H  to  103^ 


16/18-163^  to  173^ 
15/17-153^  to  163^ 
14/16-143^  to  WA 
13/15-133^  to  143^ 
12/14-123^  to  133'^ 
11/13-113^  to  123^ 
10/12-103^  to  113^ 
9/11-  93^  to  103^ 


16/18-163^ 
15/17-153^ 
14/16-143^ 
13/15-13J^ 
12/14-123^ 
11/13-llJ^ 
10/12-103^ 
9/11-  93^ 


to  173-^ 
tol6J^ 
to  153^ 
to  143^ 
to  133^ 
to  121^ 
to  113^ 
to  103^ 


RAW 


255,100 
270,600 
288,000 
307,900 
330,700 
357,100 
388,200 
425,200 


to  270,600 
to  288,000 
to  307,900 
to  330,700 
to  357,100 
to  388,200 
to  425,200 
to  469,900 


(5)  3%  Shorten- 
ing -f-  2%  Soap 


242,300 
257,100 
273,600 
292,500 
314,200 
339,200 
368,800 
403,900 


to  257,100 
to  273,600 
to  292,500 
to  314,200 
to  339,200 
to  368,800 
to  403,900 
to  446,400 


(8)  3%  Shorten- 
ing -f  5%  Soap 


234,700 
249,000 
265,000 
283,300 
304,200 
328,500 
357,100 
391,200 


to  249,000 
to  265,000 
to  283,300 
to  304,200 
to  328,500 
to  357,100 
to  391,200 
to  432,200 


(3)  Thrown 
3%  Shortening 


247,400 
262,500 
279,400 
298,700 
320,800 
346,400 
376,600 
412,400 


to  262,500 
to  279,400 
to  298,700 
to  320,800 
to  346,400 
to  376,600 
to  412,400 
to  455,800 


(6)  3%  Shorten- 
ing +  3%  Soap 


239,800 
254,400 
270,700 
289,400 
310,900 
335,700 
364,900 
399,700 


to  254,400 
to  270,700 
to  289,400 
to  310,900 
to  335,700 
to  364,900 
to  399,700 
to  441,700 


(9)  3%  Shorten- 
ing -t-  6%  Soap 


232,100 
246,200 
262,000 
280,200 
300,900 
325,000 
353,300 
386,900 


to  246,200 
to  262,000 
to  280,200 
to  300,900 
to  325,000 
to  353,300 
to  386,900 
to  427,600 


(4)  3%  Shorten- 
ing +  1%  Soap 


244,900 
259,800 
276,500 
295,600 
317,500 
342,800 
372,700 
408,200 


to  259,800 
to  276,500 
to  295,600 
to  317,500 
to  342,800 
to  372,700 
to  408,200 
to  451,100 


(7)  3%  Shorten- 
ing +  4%  Soap 


237,200 
251,700 
267,800 
286,300 
307,600 
332,100 
361,000 
395,400 


to  251,700 
to  267,800 
to  286,300 
to  307,600 
to  332,100 
to  361,000 
to  395,400 
to  437,000 


(10)  3%  Shorten- 
ing +  7%  Soap 


229,600 
243,500 
259,200 
277,100 
297,600 
321,400 
349,400 
382,700 


to  243,500 
to  259,200 
to  277,100 
to  297,600 
to  321,400 
to  349,400 
to  382,700 
to  423,000 


16/18- 
15/17- 
14/16- 
13/15- 
12/14- 
11/13- 
10/12- 
9/11- 


16/18- 
15/17- 
14/16- 
13/15- 
12/14- 
11/13- 
10/12- 
9/11- 


163^  to  173^ 
153^  to  163^ 
143^  to  153^ 
133^  to  143^ 
123^  to  133^ 
113^  to  123^ 
lOJ-^  to  UH 
93^  to  103^ 


163^  to  173^ 
1534  to  1634 
1434  to  1534 
1334  to  14H 

1234  to  1334 

1134  to  1234 

1034  to  1134 

934  to  10^ 


16/18-1634 
15/17-1534 
14/16-1434 
13/15-1334 
12/14-1234 

11/13-1134 

10/12-lOK 
9/11-  934 


tol7M 
to  1634 
to  15^ 
tol4H 
to  1334 
tol2K 
to  1134 
to  1034 


TABLE    XIII 

THE  DIAMETERS  OF  THREADS  OF  DIFFERENT  COUNTS 
COTTON   YARNS   FROM   200's   TO    I's 


Counts 

No.  in 

Counts 

No.  in 

Counts 

No.  in  ■ 

Counts 

No.  in 

One  Inch 

One  Inch 

One  Inch 

One  Inch 

200 

370 

80 

234 

34 

152 

13 

941 

190 

361 

75 

226 

32 

148 

12 

90^ 

180 

351 

70 

219 

30 

143 

11 

87 

170 

341 

65 

211 

28 

138 

10 

83 

160 

331 

60 

202 

26 

133 

9 

79 

150 

320 

55 

194 

24 

128 

8 

74 

140 

309 

50 

185 

22 

123 

7 

69 

130 

297 

48 

181 

20 

118 

6 

64 

120 

285 

46 

177 

19 

114 

5 

58§ 

110 

274 

44 

173 

18 

111 

4 

52.1 

100 

261 

42 

170 

17 

108 

3 

451 

95 

255 

40 

165 

16 

104i 

2 

36^ 

90 

248 

38 

162 

15 

101 

1 

263/20 

85 

241 

36 

157 

14 

98 

58 


TABLE  XIII  (Continued) 
WORSTED   YARNS   FROM    120's   TO    I's 


Counts 

No.  in 

Counts 

No.   in 

Counts 

No.  in 

Counts 

No.  in 

One  Inch 

One  Inch 

One  Inch 

One  Inch 

120 

234 

58 

163 

32 

120 

13 

77 

115 

229 

56 

160 

30 

117 

12 

74 

110 

224 

54 

157 

28 

113 

11 

71 

105 

219 

52 

154 

26 

109 

10 

67 

100 

213 

50 

151 

24 

104 

9 

64 

95 

208 

48 

148 

22 

100 

8 

60 

90 

202 

46 

145 

20 

95 

7 

56 

85 

197 

44 

141 

19 

93 

6 

52 

80 

191 

42 

138 

18 

90 

5 

48 

75 

185 

40 

135 

17 

88 

4 

42f 

70 

179 

38 

131 

16 

85 

3 

37 

65 

172 

36 

128 

15 

83 

2 

30 

60 

165 

34 

124 

14 

80 

1 

m 

WOOLEN  YARNS    (YORKSHIRE   SKEIN) 


Counts 

No  of 
Threads 

Counts 

No.  of 
Threads 

Counts 

No.  of 
Threads 

Counts 

No.  of 
Threads 

1 

13.5 

14 

50.5 

27 

70.2 

40 

85.5 

2 

19.1 

15 

52.3 

28 

71.5 

42 

87.6 

3 

23.4 

16 

54.0 

29 

72.9 

44 

89.6 

4 

27.0 

17 

55.7 

30 

74.0 

46 

91.6 

5 

30.2 

18 

57.4 

31 

75.3 

48 

93.6 

6 

33.2 

19 

58.9 

32 

76.4 

50 

95.6 

7 

35.8 

20 

60.5 

33 

77.6 

52 

97.5 

8 

38.2 

21 

61.9 

34 

78.9 

54 

99.3 

9 

40.5 

22 

63.4 

35 

80.0 

56 

101.0 

10 

42.8 

23 

64.9 

36 

81.1 

58 

103.0 

11 

44.8 

24 

66.1 

37 

82.2 

60 

105.0 

12 

46.8 

25 

67.5 

38 

83.4 

13 

48.7 

26 

68.9 

39 

84.5 

NORMAL  CONDITION 

The  average  relative  humidity  of  the  atmosphere  is  approximately  70 
per  cent  at  65°  -  70°  F.  At  this  relative  humidity  textile  materials 
arc  assumed  to  be  in  their  normal  condition. 

IN   ITS   NORMAL    CONDITION 


Silk                              regains  appro  x. 

11  %  moisture 

=    1  oz.     9  J  drams  per  lb. 

Wool 

m% 

2oz.     7^        "       "     " 

Cottoii 

81% 

1  oz.     4         "       ''    " 

Worsted  Yarns                " 

m% 

2oz.     7h       "      "    " 

Carded  Woolen  Yarn      " 

17  % 

2oz.     5         "      "    " 

Worsted  and 

Woolen  Cloths 

16  % 

2oz.    3i        "       "     " 

Cotton  Cloth 

6i  % 

Ooz.  14f        "       "     " 

Wool  Waste 

16  % 

2oz.     3|       "       "     '' 

Tops  Combed  with  Oil  " 

19  % 

2  oz.     9         "       "     " 

Tops  Combed  with- 

out Oil 

m% 

2oz.    7i        "       "     " 

Ordinary  Noils                 " 

14  % 

1  oz.  15i        "       "     '' 

Clean  Noils                      " 

16  % 

2oz.    3i        "       "     " 

Flax  &  Hemp  Yarns       " 

12  % 

1  oz.  lU         "       "     " 

Jute 

m% 

1  oz.  14f        "       "     " 

Shoddy  Yarn 

13  % 
59 

1  oz.  13^        "       "     " 

Textile  material  may  be  made  absolutely  dry  by  putting  it  in  a  specially 
constructed  oven  called  a  conditioning  oven,  and  submitting  it  foj 
some  time  to  a  current  of  hot  air  at  a  temperature  several  degrees 
above  the  boiling  temperature  of  water.  The  water  contained  in  the 
material  is  vaporized  and  carried  off  by  the  current  of  hot  air.  Only 
the  dry  fiber  and  non-volatile  portions  remain. 

If  dry  material  is  subjected  to  an  atmosphere  containing  water  vapor, 
it  will  absorb  or  regain  moisture.  The  amount  absorbed  is  generally 
expressed  as  the  percentage  it  is  of  the  dry  weight,  and  is  called  the 
regain  of  the  material.  That  is,  if  100  pounds  of  absolutely  dry 
yarn  is  submitted  to  an  atmosphere  containing  water  vapor  and  after 
being  allowed  to  absorb  all  it  will  take  up  at  that  humidity,  weighs 
112.5  pounds,  the  regain  is  12.5  per  cent. 

STANDARD   REGAIN 

The  only  standard  regain  which  has  been  adopted  in  the  United 
States  is  for  silk,  11  per  cent. 

In  Europe  the  standard  regains  are  approximately  those  indicated 
on  preceding  page,  as  normal  condition. 

TABLE   XIV 

COTTON   REGAIN 

(Abstracted  from  the  values  published  by  Wm.  D.  Hartshorne,  Trans.  Nat'l 
Ass'n  of  Cotton  Mfrs.  No.  90) 

DEGREES  FAHRENHEIT 


Per  Cent 

Humidity 

35 

50 

65 

75 

85 

100 

Regain  % 

Regain   % 

Regain   % 

Regain   % 

Regain   % 

Regain  % 

1 

0.74 

0.72 

0.70 

0.68 

0.67 

0.65 

5 

1.91 

1.85 

1.80 

1.76 

1.73 

1.68 

10 

2.72 

2.65 

2.57 

2.53 

2.48 

2.41 

15 

3.41 

3.30 

3.21 

3.15 

.      3.09 

3.01 

20 

3.96 

3.85 

3.74 

3.67 

3.60 

3.50 

25 

4.49 

4.35 

4.23 

4.15 

4.07 

3.97 

30 

4.98 

4.83 

4.69 

4.61 

4.52 

4.40 

35 

5.48 

5.32 

5.17 

5.07 

4.98 

4.85 

40 

6.00 

5.82 

5.65 

5.55 

5.45 

5.30 

45 

6.54 

6.35 

6.17 

6.05 

5.94 

5.78 

50 

7.16 

6.95 

6.75 

6.63 

6.51 

6.33 

55 

7.84 

7.61 

7.39 

7.25 

7.12 

6.92 

60 

8.57 

8.31 

8.08 

7.93 

7.78 

7.57 

65 

9.40 

9.13 

8.86 

8.70 

8.54 

8.31 

70 

10.31 

10.01 

9.72 

9.54 

9.36 

9.11 

75 

11.31 

10.98 

10.66 

10.46 

10.27 

9.99 

80 

12.42 

12.06 

11.71 

11.49 

11.28 

10.98 

85 

13.70 

13.29 

12.91 

12.67 

12.44 

12.10 

90 

15.23 

14.78 

14.36 

14.09 

13.83 

13.46 

95 

17.27 

16.76 

16.28 

15.98 

15.69 

15.26 

100 

22.07 

21.41 

20.80 

20.41 

20.03 

19.50 

60 


TABLE   XV 

WORSTED    REGAIN 

(Abstracted  from  the  values  published  by  Wm.  D.  Hartshorne,  Trans.  Nat'l 
Ass'n  of  Cotton  Mfrs.  No.  90) 

DEGREES  FAHRENHEIT 


Per  Cent 

Humidity 

35 

50 

65 

75 

85 

100 

Regain   % 

Regain   % 

Regaiii    % 

Regain   % 

Regain   % 

Regain    % 

1 

1.57 

1.50 

1.44 

1.40 

1.36 

1.31 

5 

3.63 

3.48 

3.33 

3.23 

3.15 

3.02 

10 

5.27 

5.04 

4.83 

4.69 

4.57 

4.38 

15 

6.64 

6.35 

6.08 

5.90 

5.74 

5.52 

20 

7.83 

7.49 

7.17 

6.97 

6.78 

6.51 

25 

8.96 

8.57 

8.21 

7.97 

7.76 

7.45 

30 

10.05 

9.61 

9.20 

8.94 

8.70 

8.35 

35 

11.12 

10.64 

10.18 

9.90 

9.63 

9.24 

40 

12.19 

11.65 

11.16 

10.85 

10.54 

10.13 

45 

13.26 

12.68 

12.14 

11.80 

11.48 

11.02 

50 

14.37 

13.74 

13.16 

12.79 

12.44 

11.94 

55 

15.51 

14.83 

14.20 

13.80 

13.43 

12.89 

60 

16.71 

15.98 

15.30 

14.87 

14.46 

13.88 

65 

17.96 

17.17 

16.44 

15.98 

15.54 

14.92 

70 

19.30 

18.46 

17.67 

17.18 

16.71 

16.04 

75 

20.75 

19.84 

19.00 

18.47 

17.96 

17.24 

80 

22.35 

21.37 

20.46 

19.89 

19.34 

18.57 

85 

24.16 

23.10 

22.11 

21.49 

20.91 

20.07 

90 

26.29 

25.14 

24.07 

23.40 

22.76 

21.85 

95 

29.11 

27.83 

26.65 

25.90 

25.19 

24.19 

100 

36.01 

34.43 

32.97 

32.04 

31.17 

29.92 

TABLE   XVI 

JAPAN   RAW   SILK 

REGAIN  IN  PER  CENT  AT  70°  FAHRENHEIT 

(Values  interpolated  from  a  curve  plotted  from  experimental  data 
furnished  by  S.  W.  Cramer) 


Relative  Hum 

idity 

Regain 

Relative  Humidity 

Regain 

c/^ 

% 

% 

.^"o 

20 

7.0 

60 

11.2 

25 

7.7 

65 

11.7 

30 

8.4 

70 

12.3 

35 

9.0 

75 

13.0 

40 

9.5 

80 

13.7 

45 

10.0 

85 

14.5 

50 

10.4 

90 

15.4 

55 

10.8 
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HUMIDITY,  CONDITION  AND  REGAIN 

All  textile  fibers  contain  an  appreciable  percentage  of  moisture,  vary- 
ing with  the  humidity  of  the  atmosphere,  place  of  storage,  etc. 

Water  vapor  in  a  given  space  is  saturated  when  the  addition  of  fur- 
ther vapor  would  cause  condensation  into  drops  and  the  formation 
of  dew. 

The  amount  of  saturated  water  vapor  which  can  exist  in  a  given 
space  depends  upon  its  temperature. 

If  the  actual  amount  is  less  than  the  amount  necessary  to  saturate 
the  vapor  at  the  existing  temperature,  the  percentage  that  it  is  of  the 
saturation  amount  is  called  the  relative  humidity.  For  example, 
the  maximum  amount  of  saturated  water  vapor  which  can  exist  in  a 
cubic  foot  of  space  at  70°  F.  is  7.89  grains.  If  we  have  a  cubic  foot 
of  air  in  which  only  3.99  grains  of  water  are  suspended  there  is  only 
half  enough  water  to  produce  saturated  vapor  at  that  temperature  and 
we  say  that  the  relative  humidity  is  50  per  cent. 

The  relative  humidity  is  measured  by  an  apparatus  known  as  a  hy- 
grometer or  a  psychrometer,  consisting  of  a  wet-bulb  and  a  dry-bulb 
thermometer.  Circulation  of  the  air  past  the  instrument  is  absolutely 
essential  for  accurate  measurements. 

The  sling  psjxhrometer  used  by  the  U.  S.  Weather  Bureau  or  the 
Fuess  Aspiration  Psychrometer  are  typical  of  the  best  forms  of  instru- 
ment. 

The  values  given  in  Table  XVII  are  abstracts  from  the  tables  pub- 
lished and  used  by  the  United  States  Weather  Bureau  with  the  addi- 
tion that  they  have  been  extended  to  include  both  the  Centigrade  and 
the  Fahrenheit  scale.  If  the  hygrometer  is  graduated  in  the  Centi- 
grade system  the  difference  between  the  dry  and  wet  bulb  temperature 
(D — W)  should  be  taken  from  the  first  column  and  the  value  will 
be  found  by  using  the  top  row  of  horizontal  figures  at  the  head  of 
the  columns.  Example:  Suppose  the  difference  is  4°  C.  and  the 
wet-bulb  temperature  20°  C,  the  relative  humidity  is  78%.  Select 
the  we.t-bulb  temperature  which  is  nearest  to  the  one  found.  If  the 
hygrometer  is  graduated  in  the  Fahrenheit  system  use  the  second 
column  for  the  difference  between  the  dry  and  wet  bulb  reading 
(D — W).  Example:  Suppose  the  difference  is  9.4°  F.  and  the 
wet-bulb    temperature    is    79°    F.,    the    relative   humidity    is   74.0%. 
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TABLE  XVII 
RELATIVE  HUMIDITY 
TEMPERATURE  CENTIGRADE  AND  FAHRENHEIT 


Difference  Between  the 
Dry  and  Wet  Bulb 

Temperature 

BY  Wet  Bulb  Thermometeb 

t  =  w 

0°  C 

10°  c 

15°  C 

20°  C 

25°  C 

30°  C 

Thermometer,  D-W. 

32°  F 

50°  F 

59°  F 

68°  F 

77°  F 

86°  F 

Cent. 

Fahr. 

Deg. 

Deg. 

% 

% 

% 

% 

% 

% 

0.0 

0.0 

100 

100 

100 

100 

100 

100 

0.2 

0.4 

99 

99 

99 

99 

99 

99 

0.4 

0.7 

97 

97 

97 

98 

98 

98 

0.6 

1.1 

96 

96 

96 

96 

97 

97 

0.8 

1.4 

94 

95 

95 

95 

95 

96 

1.0 

1.8 

93 

94 

94 

94 

94 

94 

1.2 

2.2 

92 

92 

93 

93 

93 

93 

1.4 

2.5 

90 

91 

91 

92 

92 

92 

1.6 

2.9 

89 

90 

90 

91 

91 

91 

1.8 

3.2 

88  • 

89 

89 

90 

90 

90 

2.0 

3.6 

87 

88 

88 

88 

89 

89 

2.2 

4.0 

85 

86 

87 

87 

88 

88 

2.4 

4.3 

84 

86 

86 

86 

87 

87 

2.6 

4.7 

83 

84 

85 

85 

86 

86 

2.8 

5.0 

82 

83 

84 

84 

85 

85 

3.0 

5.4 

81 

82 

83 

83 

84 

84 

3.2 

5.8 

80 

81 

82 

82 

83 

83 

3.4 

6.1 

79 

80 

81 

81 

82 

82 

3.6 

6.5 

77 

79 

80 

80 

81 

82 

3.8 

6.8 

76 

78 

79 

^  79 

80 

81 

4.0 

7.2 

75 

77 

78 

78 

79 

80 

4.2 

7.6 

74 

76 

77 

77 

78 

79 

4.4 

7.9 

73 

75 

76 

77 

77 

78 

4.6 

8.3 

72 

74 

75 

76 

76 

77 

4.8 

.8.6 

71 

73 

74 

75 

75 

76 

5.0 

9.0 

70 

72 

73 

74 

75 

75 

5.2 

9.4 

69 

71 

72 

73 

74 

75 

5.4 

9.7 

68 

70 

71 

72 

73 

74 

5.6 

10.1 

67 

69 

70 

71 

72 

73 

5.8 

10.4 

66 

69 

69 

70 

71 

72 

6.0 

10.8 

66 

68 

69 

70 

70 

71 

6.2 

11.2 

65 

67 

68 

69 

70 

71 

6.4 

11.5 

64 

66 

67 

68 

69 

70 

6.6 

11.9 

63 

65 

66 

67 

68 

69 

6.8 

12.2 

62 

64 

65 

66 

67 

68 

7.0 

12.6 

61 

63 

65 

66 

67 

68 

-  7.2 

13.0 

60 

63 

64 

65 

■  66 

67 

7.4 

13.3 

60 

62 

63 

64 

65 

66 

7.6 

13.7 

59 

61 

62 

63 

64 

65 

7.8 

14.0 

58 

60 

62 

63 

64 

65 

8.0 

14.4 

57 

60 

61 

62 

63 

64 

63 


TABLE   XVII    (Continued) 

RELATIVE   HUMIDITY 

TEMPERATURE  CENTIGRADE  AND  FAHRENHEIT 


Difference   Between   the 
Dry  and  Wet  Bulb 
Thermometer,  D-W. 


Cent. 

Fahr. 

Deg. 

Deg. 

8.0 

14.4 

8.2 

14.8 

8.4 

15.1 

8.6 

15.5 

8.8 

15.8 

9.0 

16.2 

9.2 

16.6 

9.4 

16.9 

9.6 

17.3 

9.8 

17.6 

10.0 

18.0 

10.5 

18.9 

11.0 

19.8 

11.5 

20.7 

12.0 

21.6 

12.5 

22.5 

13.0 

23.4 

13.5 

24.3 

14.0 

25.2 

14.5 

26.1 

15.0 

27.0 

15.5 

27.9 

16.0 

28.8 

16.5 

29.7 

17.0 

30.6 

17.5 

31.5 

18.0 

32.4 

18.5 

33.3 

19.0 

34.2 

19.5 

35.1 

20.0 

36.0 

21.0 

37.8 

22.0 

39.6 

23.0 

41.4 

24.0 

43.2 

25.0 

45.0 

26.0 

46.8 

27.0 

48.6 

28.0 

50.4 

29.0 

52.2 

30.0 

54.0 

Temperature i 

BY  Wet  B 

QLB  Thermometer 

0°  C 

10°  c 

15°  C 

20°  C 

25°  C 

32°  F 

50°  F 

59°  F 

68°  F 

77°  F 

c 

C7 

cr 

cr 

,c 

.'0 

,C 

.'0 

% 

57 

60 

61 

62 

63 

56 

59 

60 

61 

62 

56 

58 

59 

60 

62 

55 

57 

58 

60 

61 

54 

57 

58 

59 

60 

53 

56 

57 

58 

60 

53 

55 

57 

58 

59 

52 

55 

56 

57 

58 

51 

54 

55 

56 

58 

51 

53 

55 

56 

57 

50 

53 

54 

55 

56 

48 

51 

52 

54 

55 

47 

49 

51 

52 

53 

45 

48 

49 

51 

52 

44 

47 

48 

49 

50 

42 

45 

46 

48 

49 

41 

44 

45 

46 

48 

40 

43 

44 

45 

46 

38 

41 

43 

44 

45 

37 

40 

41 

43 

44 

36 

39 

40 

42 

35 

38 

39 

40 

34 

37 

38 

39 

33 

36 

37 

38 

32 

35 

36 

37 

31 

34 

35 

36 

30 

33 

34 

35 

29 

32 

33 

34 

28 

31 

32 

33 

27 

30 

31 

33 

.. 

26 

29 

30 

32 

25 

27 

29 

23 

26 

27 

22 

24 

26 

21 

23 

24 

19 

22 

23 

18 

21 

17 

20 

16 

19 

15 

18 

14 

17 
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TABLE   XVIII 

HEAT 
CONVERSION   OF   THERMOMETER  READINGS 


po 

c° 

F° 

30 

c° 

F° 

C° 

F° 

C° 

F° 

C° 

F° 

c° 

-40 

-40.00 

-1.11 

80 

26.67 

250 

121.11 

500 

260.00 

900 

482 . 22 

-38 

-38.89 

31 

-0.56 

81 

27.22 

255 

123.89 

505 

262 . 78 

910 

487.78 

-36 

-37.78 

32 

0.00 

82 

27.78 

260 

126.67 

510 

265.56 

920 

493.33 

-34 

-36.67 

33 

0.56 

83 

28.33 

265 

129.44 

515 

268.33 

930 

498.89 

-32 

-35.56 

34 

1.11 

84 

28.89 

270 

132.22 

520 

271.11 

940 

504.44 

-30 

-34.44 

35 

1.67 

85 

29.44 

275 

135.00 

525 

273.89 

950 

510.00 

-28 

-33.33 

36 

2.22 

86 

30.00 

280 

137.78 

530 

276.67 

960 

515.56 

-26 

-32 . 22 

37 

2.78 

87 

30.56 

285 

140.55 

535 

279.44 

970 

521.11 

-24 

-31.11 

38 

3.33 

88 

31.11 

290 

143.33 

540 

282.22 

980 

526.67 

-22 

-30.00 

39 

3.89 

89 

31.67 

295 

146.11 

545 

285.00 

990 

532.22 

-20 

-28.89 

40 

4.44 

90 

32.22 

300 

148.89 

550 

287.78 

1000 

537.78 

-18 

-27.78 

41 

5.00 

91 

32.78 

305 

151.67 

555 

290.55 

1050 

565 . 56 

-16 

-26.67 

42 

5.56 

92 

33.33 

310 

154.44 

560 

293.33 

1100 

593.33 

-14 

-25.56 

43 

6.11 

93 

33.89 

315 

157.22 

565 

296.11 

1150 

621.11 

-12 

-24.44 

44 

6.67 

94 

39.44 

320 

160.00 

570 

298.89 

1200 

648.89 

-10 

-23.33 

45 

7.22 

95 

35.00 

325 

162.78 

575 

301.67 

1250 

676.67 

-  8 

-22.22 

46 

7.78 

96 

35.56 

330 

165.56 

580 

304.44 

1300 

704.44 

-  6 

-21.11 

47 

8.33 

97 

36.11 

335 

168.33 

585 

307.22 

1350 

732.22 

-  4 

-20.00 

48 

8.89 

98 

36.67 

340 

171.11 

590 

310.00 

1400 

760.00 

-  2 

-18.89 

49 

9.44 

99 

37.22 

345 

173.89 

595 

312.78 

1450 

787.78 

0 

-17.78 

50 

10.00 

100 

37.78 

350 

176.67 

600 

315.56 

1500 

815.56 

1 

-17.22 

51 

10.56 

105 

40.55 

355 

179.44 

610 

321.11 

1550 

843.33 

2 

-16.67 

52 

11.11 

110 

43.33 

360 

182.22 

620 

326.67 

1600 

871.11 

3 

-16.11 

53 

11.67 

115 

46.11 

365 

185.00 

630 

332.22 

1650 

898.89 

4 

-15.56 

54 

12.22 

120 

48.89 

370 

187.78 

640 

337.78 

1700 

926.67 

5 

-15.00 

55 

12.78 

125 

51.67 

375 

190.55 

650 

343.33 

1750 

954.44 

6 

-14.44 

56 

13.33 

130 

54.44 

380 

193.33 

660 

348.89 

1800 

982.22 

7 

-13.89 

57 

13.89 

135 

57.22 

385 

196.11 

670 

354.44 

1850 

1010.00 

8 

-13.33 

58 

14.44 

140 

60.00 

390 

198.89 

680 

360.00 

1900 

1037.78 

9 

-12.78 

59 

15.00 

145 

62.78 

395 

201.67 

690 

365.56 

1950 

1065.56 

10 

-12.22 

60 

15.56 

150 

65.56 

400 

204.44 

700 

371.11 

2000 

1093.33 

11 

-11.67 

61 

16.11 

155 

68.33 

405 

207.22 

710 

376.67 

2050 

1121.11 

12 

-11.11 

62 

16.67 

160 

71.11 

410 

210.00 

720 

382.22 

2100 

1148.89 

13 

-10.56 

63 

17.22 

165 

73.89 

415 

212.78 

730 

387.78 

2150 

1176.67 

14 

-10.00 

64 

17.78 

170 

76.67 

420 

215.56 

740 

393.33 

2200 

1204.44 

15 

-  9.44 

65 

18.33 

175 

79.44 

425 

218.33 

750 

398.89 

2250 

1232.22 

16 

-  8.89 

66 

18.89 

180 

82.22 

430 

221.11 

760 

304.44 

2300 

1260.00 

17 

-  8.33 

67 

19.44 

185 

85.00 

435 

223 . 89 

770 

410.00 

2350 

1287.78 

18 

^  7.78 

68 

20.00 

190 

87.78 

440 

226.67 

780 

415.56 

2400 

1315.56 

19 

-  7.22 

69 

20.56 

195 

90.55 

445 

229.44 

790 

421.11 

2450 

1343.33 

20 

-  6.67 

70 

21.11 

200 

93.33 

450 

232.22 

800 

426.67 

2500 

1371.11 

21 

-  6.11 

71 

21.67 

205 

96.11 

455 

235.00 

810 

432.22 

2550 

1398.89 

22 

-  5.56 

72 

22.22 

210 

98.89 

460 

237.78 

820 

437.78 

2600 

1426.67 

23 

-  5.00 

73 

22.78 

215 

101.67 

465 

240.55 

830 

443.33 

2650 

1454.44 

24 

-  4.44 

74 

23.33 

220 

104.44 

470 

243.33 

840 

448.89 

2700 

1482 . 22 

25 

-  3.89 

75 

23.89 

225 

107.22 

475 

246.11 

850 

454.44 

2750 

1510.00 

26 

-  3.33 

76 

24.44 

230 

110.00 

480 

248.89 

860 

460.00 

2800 

1537.78 

27 

-  2.78 

77 

25.00 

235 

112.78 

485 

251.67 

870 

465.56 

2850 

1565.56 

28 

-  2.22 

78 

25.56 

240 

115.56 

490 

254.44 

880 

471.11 

2900 

1593.33 

29 

-  1.67 

79 

26.11 

245 

118.33 

495 

257.22 

890 

476.67 

2950 

1621.11 
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TABLE    XIX 

EQUIVALENTS    OF   TWADDLE,  BAUME   AND    SPECIFIC 
GRAVITY   SCALES 


2 
S 
^ 

-5 

is 

VCD 

6 

3 
03 

-0) 

3 

c3 

■s 

i 

>> 

=c  > 

H 

w 

1.000 

44 

pq 

02 

H 

m 

a-. 

H 

m 

^c 

0 

0 

26.0 

1.220 

88 

44.1 

1.440 

131 

57.1 

1.655 

1 

0.7 

1.005 

45 

26.4 

1.225 

89 

44.4 

1.445 

132 

57.4 

1.660 

2 

1.4 

1.010 

46 

26.9 

1.230 

90 

44.8 

1.450 

133 

57.7 

1.665 

3 

2.1 

1.015 

47 

27.4 

1.235 

91 

45.1 

1.455 

134 

57.9 

1.670 

4 

2.7 

1.020 

48 

27.9 

1.240 

92 

45.4 

1.460 

135 

58.2 

1.675 

5 

3.4 

1.025 

49 

28.4 

1.245 

93 

45.8 

1.465 

136 

58.4 

1.680 

6 

4.1 

1.030 

50 

28.8 

1.250 

94 

46.1 

1.470 

137 

58.7 

1.685 

7 

4.7 

1.035 

51 

29.3 

1.255 

95 

46.4 

1.475 

138 

58.9 

1.690 

8 

5.4 

1.040 

52 

29.7 

1.260 

96 

46.8 

1.480 

139 

59.2 

1.695 

9 

6.0 

1.045 

53 

30.2 

1.265 

97 

47.1 

1.485 

140 

59.5 

1.700 

10 

6.7 

1.050 

54 

30.6 

1.270 

98 

47.4 

1.490 

141 

59.7 

1.705 

11 

7.4 

1.055 

55 

31.1 

1.275 

99 

47.8 

1.495 

142 

60.0 

1.710 

12 

8.0 

1.060 

56 

31.5 

1.280 

100 

48.1 

1.500 

143 

60.2 

1.715 

13 

8.7 

1.065 

57 

32.0 

1.285 

101 

48.4 

1.505 

144 

60.4 

1.720 

14 

9.4 

1.070 

58 

32.4 

1.290 

102 

48.7 

1.510 

145 

60.6 

1.725 

15 

10.0 

1.075 

59 

32.8 

1 .  295 

103 

49.0 

1.515 

146 

60.9 

1.730 

16 

10.6 

1.080 

60 

33.3 

1.300 

104 

49.4 

1.520 

147 

61.1 

1.735 

17 

11.2 

1.085 

61 

33.7 

1.305 

105 

49.7 

1.525 

148 

61.4 

1.740 

18 

11.9 

1.090 

62 

34.2 

1.310 

106 

50.0 

1.530 

149 

61.6 

1.745 

19 

12.4 

1.095 

63 

34.6 

1.315 

107 

50.3 

1.535 

150 

61.8 

1.750 

20 

13.0 

1.100 

64 

35.0 

1.320 

108 

50.6 

1.540 

151 

62.1 

1.755 

21 

13.6 

1.105 

65 

35.4 

1.325 

109 

50.9 

1.545 

152 

62.3 

1.760 

22 

14.2 

1.110 

66 

35.8 

1.330 

110 

51.2 

1.550 

153 

62.5 

1.765 

23 

14.9 

1.115 

67 

36.2 

1.335 

111 

51.5 

1.555 

154 

62.8 

1.770 

24 

15.4 

1.120 

68 

36.6 

1.340 

112 

51.8 

1.560 

155 

63.0 

1.775 

25 

16.0 

1.125 

69 

37.0 

1.345 

113 

52.1 

1.565 

156 

63.2 

1.780 

26 

16.5 

1.130 

70 

37.4 

1.350 

114 

52.4 

1.570 

157 

63.5 

1.785 

27 

17.1 

1.135 

71 

37.8 

1.355 

115 

52.7 

1.575 

158 

63.7 

1.790 

28 

17.7 

1.140 

72 

38.2 

1.360 

116 

53.0 

1.580 

159 

64.0 

1.795 

29 

18.3 

1.145 

73 

38.6 

1.365 

117 

53.3 

1.585 

160 

64.2 

1.800 

30 

18.8 

1.150 

74 

39.0 

1.370 

118 

53.6 

1.590 

161 

64.4 

1.805 

31 

19.3 

1.15- 

75 

39.4 

1.375 

119 

53.9 

1.595 

162 

64.6 

1.810 

32 

19.8 

1.160 

76 

39.8 

1.380 

120 

54.1 

1.600 

163 

(14.8 

1.815 

33 

20.3 

1.165 

77 

40.1 

1.385 

121 

54.4 

1 .605 

164 

65.0 

1.820 

34 

20.9 

1.170 

78 

40.5 

1.390 

122 

54.7 

1.610 

165 

65.2 

1.825 

35 

21.4 

1.175 

79 

40.8 

1.395 

123 

55.0 

1.615 

166 

65.5 

1.830 

36 

22.0 

1.180 

80 

41.2 

1.400 

124 

55.2 

1.620 

167 

65.7 

1.835 

37 

22.5 

1.185 

81 

41.6 

1.405 

125 

55.5 

1.625 

168 

65.9 

1.840 

38 

23.0 

1.190 

82 

42.0 

1.410 

126 

55.8 

1.630 

169 

66.1 

1.845 

39 

23.5 

1.195 

83 

42.3 

1.415 

127 

56.0 

1.635 

170 

66.3 

1.850 

40 

24.0 

1.200 

84 

42.7 

1.420 

128 

56.3 

1.640 

171 

66.5 

1.855 

41 

24.5 

1.205 

85 

43.1 

1.425 

129 

56.6 

1.645 

172 

66.7 

1.860 

42 

25.0 

1.210 

86 

43.4 

1.430 

130 

56.9 

1.650 

173 

67.0 

1.865 

43 

25.5 

1.215 

87 

43.8 

1.435 
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TABLE   XX 

STRENGTHS  AND  SPECIFIC  GRAVITIES  OF  SOME  SOLUTIONS 
FOR   DYERS. 

SULFURIC   ACID 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity 

H2SO4 

Gravity 

H2SO4 

Gravity 

H>S04 

60  °F 

60  °F 

60  °F 

1.000 

0.09 

1.380 

48.00 

1.760 

82.44 

1.010 

1.57 

1.390 

49.06 

1.770 

83.32 

1.020 

3.03 

1.400 

50.11 

1.780 

84.50 

1.030 

4.49 

1.410 

51.15 

1.790 

85.70 

1.040 

5.96 

1.420 

52.15 

1.800 

86.90 

1.050 

7.37 

1.430 

53.11 

1.810 

88.30 

1.060 

8.77 

1.440 

54.07 

1.820 

90.05 

1.070 

10.19 

1.450 

55.03 

1.821 

90.20 

1.080 

11.60 

1.460 

55.97 

1.822 

90.40 

1.090 

12.99 

1.470 

56.90 

1.823 

90.60 

1.100 

14.35 

1.480 

57.83 

1.824 

90.80 

1.110 

15.71 

1,490 

58.74 

1.825 

91.00 

1.120 

17.01 

1.500 

59.70 

1.826 

91.25 

1.130 

18.31 

1.510 

60.65 

1.827 

91.50 

1.140 

19.61 

1.520 

61.59 

1.828 

91.70 

1.150 

20.91 

1.530 

62.53 

1.829 

91.90 

1.160 

22.19 

1.540 

63.43 

1.830 

92.10 

1.170 

23.47 

1.550 

64.26 

1.831 

92.30 

1.180 

24.76 

1.560 

65.08 

1.832 

92.52 

1.190 

26.04 

1.570 

65.90 

1.833 

92.75 

1.200 

27.32 

1.580 

66.71 

1.834 

93.05 

1.210 

28.58 

1.590 

67.59 

1.835 

93.43 

1  220 

29  84 

1.600 

68.51 

1.836 

93.80 

1.230 

31.11 

1.610 

69.43 

1.837 

94.20 

1.240 

32.28 

1.620 

70.32 

1.838 

94.60 

1 .  250 

33.43 

1.630 

71.16 

1.839 

95.00 

1.260 

34.57 

1.640 

71.99 

1.840 

95.60 

1.270 

35.71 

1.650 

72.82 

1.8405 

95.95 

1.280 

36.87 

1.660 

73.64 

1.8410 

97.00 

1.290 

38.03 

1.670 

74.51 

1.8415 

97.70 

1.300 

39.19 

1.680 

75.42 

1 . 8410 

98.20 

1.310 

40.35 

1.690 

76.30 

1.8405 

98.70 

1.320 

41.50 

1.700 

77.17 

1.8400 

99.20 

1.330 

42.66 

1.710 

78.04 

1.8395 

99.45 

1.340 

43.74 

1.720 

78.92 

1.8390 

99.70 

1.350 

44.82 

1.730 

79.80 

1.8385 

99.95 

1.360 

45.88 

1.740 

80.68 

1.370 

46.94 

1.750 

81.56 

CHROMIUM   CHLORIDE 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity,  60  °F 

Cr203 

Gravity,  60  °F 

CrzOa 

Gravity,  60  °F 

Cr203 

1.008 

.5 

1.098 

6.00 

1.197 

12.00 

1.016 

1.00 

1.115 

7.00 

1.213 

13.00 

1.032 

2.00 

1.131 

8.00 

1.229 

14.00 

1.048 

3.00 

1.148 

9.00 

1.245 

15.00 

1.065 

4.00 

1.164 

10.00 

1.261 

16.00 

1.082 

5.00 

1.180 

11.00 

1.276 

17.00 
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TABLE   XX    (Continued) 
NITRIC   ACID 


Specific 

Gravity 

60  °F 


000 
005 


1.010 
1.015 
1.020 
1.025 
1.030 
1.035 
1.040 
1.045 
1.050 
1.055 
1.060 
1.065 
1.070 
1.075 
1.080 
1.085 
090 
095 


1 
1 
1.100 


1.105 
1.110 
1.115 
1.120 
1.125 
1.130 
1.135 
1.140 
1.145 
1.150 
1.155 
1.160 
1.165 
1.170 


Per  cent 
HNO3 


0.10 

1.00 

1.90 

2.80 

3.70 

4.60 

5.50 

6.38 

7.26 

8.13 

8.99 

9.84 

10.68 

11.51 

12.33 

13.15 

13.95 

14.74 

15.53 

16.32 

17.11 

17.89 

18.67 

19.45 

20.23 

21.00 

21.77 

22.54 

23.31 

24.08 

24.84 

25.60 

26.36 

27.12 

27.88 


Specific 

Gravity 

60  °F 


175 
180 
185 
190 
195 
200 
1.205 
1.210 
1.215 
1.220 
1.225 
1.230 
1.235 
1.240 
1.245 
1.250 
1.255 
1.260 
1.265 
1.270 
1.275 
1.280 
1.285 
1.290 
1.295 


1.300 


1.305 
1.310 
1.315 
1.320 
1.325 
1.330 
1.335 
1.340 
1.345 


Per  cent 
HNOs 


28.63 

29.38 
30.13 
30.88 
31.62 
32.36 
33.09 
33.82 
34.55 
35.28 
36.03 
36.78 
37.53 
38.29 
39.05 
39.82 
40.58 
41.34 
42.10 
42.87 
43.64 
44.41 
45.18 
45.95 
46.72 
47.49 
48.26 
49.07 
49.89 
50.71 
51.53 
52.37 
53.22 
54.07 
54.93 


Specific 

Gravity 

60  °F 


1.350 
1.355 
1.360 
1.365 


1.370 
1.375 
1.380 
1.385 
1.390 
1.395 
1.400 
1.405 


410 

415 

420 

425 

430 

435 

440 

1.445 

1.450 

1.455 


460 
465 
470 
475 
480 
485 
1.490 
1.495 


500 
505 
510 
515 
520 


Per  cent 
HNO3 


55.79 
56.66 
57.57 
58.48 
59.39 
60.30 
61.27 
62.24 
63.23 
64.25 
65.30 
66.40 
67.50 
68.63 
69.80 
70.98 
72.17 
73.39 
74.68 
75.98 
77.28 
78.60 
79.98 
81.42 
82.90 
84.45 
86.05 
87.70 
89.60 
91.60 
94.09 
96.39 
98.10 
99.07 
99.67 


IRON   PYROLIGNITE    (Acetate) 


Specific 

Grams  Fe203 

Specific 

Grams  FezOs 

Specific 

Grams  Fe20s 

Gravity,  64 °F 

Per  Litre 

Gravity,  64  °r 

Per  Litre 

Gravity,  64  °F 

Per  Litre 

1.274 

190 

1.179 

125 

1.088 

60 

1.266 

185 

1.172 

120 

1.081 

55 

1.258 

180 

1.165 

115 

1.074 

50 

1.250 

175 

1.158 

110 

1.067 

45 

1.242 

170 

1.151 

105 

1.060 

40 

1.235 

165 

1.144 

100 

1.053 

35 

1.228 

160 

1.137 

95 

1.046 

30 

1.221 

155 

1.130 

90 

1.039 

25 

1.214 

150 

1.123 

85 

1.032 

20 

1.207 

145 

1.116 

80 

1.025 

15 

1.200 

140 

1 .  109 

75 

1.018 

10 

1.193 

135 

1.102 

70 

1.010 

5 

1.186 

130 

1.095 

65 

68 


TABLE    XX    (Continued) 
AMMONIUM   HYDROXIDE 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity  60 °F 

NH3 

Gravity  60  °F 

NH3 

Gravity  60  °F 

NHs 

1.000 

0.00 

0.958 

10.47 

0.916 

23.03 

0.998 

0.45 

0.956 

11.03 

0.914 

23.68 

0.996 

0.91 

0.954 

11.60 

0.912 

24.33 

0.994 

1.37 

0.952 

12.17 

0.910 

24.99 

0.992 

1.84 

0.950 

12.74 

0.908 

25.65 

0.990 

2.31 

0.948 

13.31 

0.906 

26.31 

0.988 

2.80 

0.946 

13.88 

0.904 

26.98 

0.986 

3.30 

0.944 

14.46 

0.902 

27.65 

0.984 

3.80 

0.942 

15.04 

0.900 

28.33 

0.982 

4.30 

0.940 

15.63 

0.898 

29.01 

0.980 

4.80 

0.938 

16.22 

0.896 

29.69 

0.978 

5.30 

0.936 

16.82 

0.894 

30.37 

0.976 

5.80 

0.934 

17.42 

0.892 

31.05 

0.974 

6.30 

0.932 

18.03 

0.890 

31.75 

0.972 

6.80 

0.930 

18.64 

0.888 

32.50 

0.970 

7.31 

0.928 

19.25 

0.886 

33.25 

0.968 

7.82 

0.926 

19.87 

0.884 

34.10 

0.966 

8.33 

0.924 

20.49 

0.882 

34.95 

0.964 

8.84 

0.922 

21.12 

0.962 

9.35 

0.920 

21.75 

0.960 

9.91 

0.918 

22.39 

SODIUM   HYDROXIDE 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity,  60°F 

NaOH 

Gravity  60  °F 

NaOH 

Gravity  60  °F 

NaOH 

1.007 

0.61 

1.142 

12.64 

1.320 

28.83 

1.014 

1.20 

1.152 

13.55 

1.332 

29.93 

1.022 

2.00 

1.162 

14.37 

1.345 

31.22 

1.029 

2.71 

1.171 

15.13 

1.357 

32.47 

1.036 

3.35 

1.180 

15.91 

1 .  370 

33.69 

1.045 

4.00 

1.190 

16.77 

1.383 

34.96 

1.052 

4.26 

1.200 

17.67 

1.397 

36.25 

1.060 

5.29 

1.210 

18.58 

1.410 

37.47 

1.067 

5.87 

1.220 

19.58 

1.424 

38.80 

1.075 

6.55 

1.231 

20.59 

1.438 

39.99 

1.083 

7.31 

1.241 

21.42 

1.453 

41.41 

1.091 

8.00 

1.252 

22.64 

1.468 

42.83 

1.100 

8.68 

1.263 

23.67 

1.483 

44.38 

1.108 

9.42 

1.274 

24.81 

1.498 

46.15 

1.116 

10.06 

1.285 

25.80 

1.514 

47.60 

1.125 

10.97 

1.297 

26.83 

1.530 

49.02 

1.134 

11.84 

1.308 

27.80 

TARTAR 

EMETIC 

Specific 
Gravity,  64  °F 

Per  cent 
Tartar  Emetic 

Specific 
Gravity,  64  °F 

Per  cent 
Tartar  Emetic 

Specific 
Gravity,  64  °F 

Per  cent 
Tartar  Emetic 

1.005 
1.007 

1.009 
1.012 

0.5 
1.0 
1.5 
2.0 

1.015 
1.018 
1.022 
1.027 

2.5 
3.0 
3.5 
4.0 

1.031 
1.035 
1.038 
1.044 

4.5 
5.0 
5.5 
6.0 

69 


TABLE   XX    (Continued) 
STANNOUS   CHLORIDE 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gra\aty,  60  °F 

SnCl2+2H20 

Gravity,  60  °F 

SnCl2+2H20 

Gravity,  60  °F 

SnCl2+2H20 

1.013 

2 

1.212 

28 

1.497 

54 

1.026 

4 

1.230 

30 

1.525 

56 

1.040 

6 

1.249 

32 

1.554 

58 

1.054 

8 

1.268 

34 

1.582 

60 

1.068 

10 

1.288 

36 

1.613 

62 

1.083 

12 

1.309 

38 

1.644 

64 

1.097 

14 

1.330 

40 

1.677 

66 

1.113 

16 

1.352 

42 

1.711 

68 

1.128 

18 

1.374 

44 

1.745 

70 

1.144 

20 

1.397 

46 

1.783 

72 

1.161 

22 

1.421 

48 

1.821 

74 

1.177 

24 

1.445 

50 

1.840 

75 

1.194 

26 

1.471 

1 

52 

TANNIN   ACID 


Specific 

Per  cent 

Specific 

Per  cent 

1       Specific 

Per  cent 

Gravity,  60  °F 

Gravity,  60  °F 

1  G^a^^ty,  60  °F 

1.0040 

1.0 

1.0108 

2.7 

1.0176 

4.4 

1.0044 

1.1 

1.0112 

2.8 

1.0180 

4.5 

1.0048 

1.2 

1.0116 

2.9 

1.0184 

4.6 

1 . 0052 

1.3 

1.0120 

3.0 

1.0188 

4.7 

1 . 0056 

1.4 

1.0124 

3.1 

1.0192 

4.8 

1 . 0060 

1.5 

1.0128 

3.2 

1.0196 

4.9 

1 . 0064 

1.6 

1.0132 

3.3 

1.0200 

5.0 

1 . 0068 

1.7 

1.0136 

3.4 

1     1.0242 

6.0 

1.0072 

1.8 

1.0140 

3.5 

1.0324 

8.0 

1.0076 

1.9 

1.0144 

3.6 

1 . 0406 

10.0 

1.0080 

2.0 

1.0148 

3.7 

1.0489 

12.0 

1.0084 

2.1 

1.0152 

3.8 

1.0572 

14.0 

1.0088 

2.2 

1.0156 

3.9 

1 . 0656 

16.0 

1.0092 

2.3 

1.0160 

4.0 

1 . 0740 

18.0 

1.0096 

2.4 

1.0164 

4.1 

1 . 0824 

20.0 

1.0100 

2.5 

1.0168 

4.2 

1.0104 

2.6 

1.0172 

4.3 

CHROMIUM   ACETATE 


Specific 

Grams  CreOa 

Specific 

Grams  CrjOs 

Specific 

Grams  CnOz 

Gravity,  63  °F 

Per  I.itre 

Gravity,  63  °F 

Per  Litre 

Gravity,  63  °F 

Per  Litre 

1.007 

5 

1*063 

45 

1.119 

85 

1.014 

10 

1.070 

50 

1 .  126 

90 

1.021 

15 

1.077 

55 

1     1 . 133 

95 

1.028 

20 

1.084 

60 

i     1.140 

100 

1.035 

25 

1.091 

65 

'     1.147 

105 

1 .  042 

30 

1.098 

70 

1.151 

107 

1.049 

35 

1.105 

75 

1.056 

40 

1.112 

80 

70 


TABLE   XX   (Continued) 
TARTARIC   ACID 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity,  60  °F 

Gravity,  00 °F 

Gravity,  60  °F 

1.0045 

1 

1 . 0969 

20 

1.2078 

40 

1.0090 

2 

1 . 1072 

22 

1.2198 

42 

1.0179 

4 

1.1175 

24 

1.2317 

44 

1 . 0273 

6 

1.1282 

26 

1.2441 

46 

1.0371 

8 

1.1393 

28 

1 . 2568 

48 

1 . 0469 

10 

1.1505 

30 

1.2696 

50 

1.0565 

12 

1.1615 

32 

1.2828 

52 

1.0661 

14 

1 . 1726 

34 

1.2961 

54 

1.0761 

16 

1.1840 

36 

1 . 3093 

56 

1.0865 

18 

1.1959 

38 

1 . 3220 

57.9 

COPPER   SULPHATE 


Specific 
Gra\'ity,  63  °F 


1.0126 

1 . 0254 
1.0384 
1.0516 


Per  cent 
CuSo4+5H20 


Specific 
Gravity,  63  °F 

1.0649 

1 . 0785 
1 . 0933 
1 . 1063 

Per  cent 
CuSo4+5H20 


10 
12 

14 
16 


Specific 
Gravity,  63  °F 


1 . 1208 
1 . 1354 
1.1501 
1 . 1659 


Per  cent 
CuSo4+5H20 


18 
20 
22 
24 


FERROUS   SULPHATE 


Specific 
Gravity,  60  °F 

Per  cent 
FeS04+7H20 

Specific 
Gravity,  60  °F 

Per  cent 
FeSO4+7H20 

Specific 
Gravity,  60  °F 

Per  cent 
FeS04+7H20 

1.011 

1.021 
1.032 
1.043 

2 
4 

6 

8 

1.054 
1.065 
1.082 
1.112 

10 
12 
15 
20 

1.143 
1.174 
1.206 
1.239 

25 
30 
35 
40 

STANNIC    CHLORIDE 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity,  60 °F 

SnCl4+5H20 

Gravity,  60  °F 

SnCl4+5H20 

Gravity,  60  °F 

SnCh  +5H2O 

1.012 

2 

1.227 

34 

1.538 

66 

1.024 

4 

1.242 

36 

1 .  563 

68 

1.036 

6 

1.259 

38 

1.587 

70 

1.048 

8 

1.276 

40 

1.614 

72 

1.059 

10 

1.293 

42 

1.641 

74 

1.072 

12 

1.310 

44 

1.669 

76 

1.084 

14 

1     1 . 329 

46 

1.698 

78 

1.097 

16 

!     1.347 

48 

1.727 

80 

1.110 

18 

!     1.366 

50 

1.759 

82 

1.124 

20 

1     1.386 

52 

1.791 

84 

1.137 

22       { 

i     1 . 406 

54 

1.824 

86 

1.151 

24       1 

1.426 

56 

1.859 

88 

1.165 

26 

1     1.447 

58 

1.893 

90 

1.180 

28 

1.468 

60 

1.932 

92 

1.195 

30       1 

1.491 

62 

1.969 

94 

1.210 

32 

1.514 

64 

1.988 

96 

71 


TABLE   XX    (Continued) 
ALUMINUM   SULPHATE 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity,  60  °F 

Al2(S04)3 

Gravity,  60 °F 

Al2(S04)3 

Gravity,  60 °F 

Al2(S04)3 

1.0170 

1 

1.1071 

10 

1.1971 

19 

1 . 0270 

2 

1.1171 

11 

1 . 2074 

20 

1 . 0370 

3 

1.1270 

12 

1.2168 

21 

1.0470 

4 

1.1360 

13 

1 . 2274 

22 

1 . 0569 

5 

1.1467 

14 

1 . 2375 

23 

1.0670 

6 

1 . 1574 

15 

1 . 2473 

24 

1.0768 

7 

1 . 1668 

16 

1.2573 

25 

1.0870 

8 

1 . 1770 

17 

1.0968 

' 

1 . 1876 

18 

ALUMINUM   CHLORIDE 


Specific 

Per   cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity,  60 °F 

AhCle 

Gravity,  60  °F 

AhCle 

Gravity,  60  °F 

AhCU 

1.00721 

1 

1.11248 

15 

1.23310 

29 

1.01443 

2 

1.12073 

16 

1.24219 

30 

1.02164 

3 

1.12897 

17 

1.25184 

31 

1.02885 

4 

1.13721 

18 

1.26149 

32 

1.03603 

5 

1 . 14545 

19 

1.27115 

33 

1.04353 

6 

1 . 15370 

20 

1.28080 

34 

1.05099 

7 

1.16231 

21 

1 . 29046 

35 

1.05845 

8 

1.17092 

22 

1 . 30066 

36 

1.06591 

9 

1.17953 

23 

1.31086 

37 

1 . 07337 

10 

1.18815 

24 

1.32106 

38 

1.08120 

11 

1 . 19676 

25 

1.33126 

39 

1 . 08902 

12 

1.20584 

26 

1.34146 

40 

1 . 09684 

13 

1.21493 

27 

1 . 35224 

41 

1 . 10466 

14 

1 . 22406 

28 

1.35359 

41.126 

ALUMINUM   ACETATE 


Specific 
Gravity,  64 °F 

Grams  AI2O3 
Per  Litre 

Specific 
Gravity,  64  °F 

Grams  AI2O3 
Per  Litre 

Specific 
Gravity,  64  °F 

Grams  AI2O3 
Per  Litre 

1.100 
1.098 
1.086 

40.8 

40 

35 

1.074 
1.062 
1.050 

30 
25 

20 

I 

1.038 
1.025 
1.012 

15 

10 

5 

FORMALDEHYDE 


Specific 

Per  cent 

Per   cent 

Specific 

Per  cent 

Per  cent 

Gravity,  60 °F 

by  Weight 

by  Volume 

Gravity,  60 °F 

by  Weight 

by  Volume 

1.0025 

1.0 

1.0 

1.0670 

25.0 

26.7 

1.0125 

5.0 

5.0 

1.0830 

30.0 

32.5 

1.0250 

10.0 

10.25 

1 . 1040 

35.0 

38.6 

1.0380 

15.0 

15.6 

1.1250 

40.0 

45.0 

1.0530 

20.0 

21.1 

72 


TABLE   XX    (Continued) 
SODIUM    CARBONATE 


Per  cent  by  Weiglit 

Per  cent  by  Weight 

Specific 

Specific 
Gravity,  60  °F 

Gravity,  60 °F 

NaoCOs 

NAoCOs+lOAq 

NasCOs 

Na2CO3+10Aq 

1.007 

0.67 

1.807 

1.083 

7.88 

21.252 

1.014 

1.33 

3.587 

1.091 

8.62 

23.248 

1.022 

2.09 

5.637 

1.100 

9.43 

25.432 

1.029 

2.76 

7.444 

1.108 

10.19 

27.482 

1.036 

3.43 

9.251 

1.116 

10.95 

29.532 

1.045 

4.29 

11.570 

1.125 

11.81 

31.851 

1.052 

4.94 

13 . 323 

1.134 

12.61 

34.009 

1.060 

5.71 

15.400 

1.142 

13.16 

35.493 

1.067 

6.37 

17.180 

1.152 

14.24 

38.405 

1.075 

7.12 

19.203 

SODIUM    CHLORIDE 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity.  60  °F 

NaCl 

Gravity,  60 °F 

NaCl 

Gravity,  60  °F 

NaCl 

1.00725 

1 

1.07335 

10 

1.14315 

19 

1.01450 

2 

1 . 08097 

11 

1.15107 

20 

1.02174 

3 

1.08859 

12 

1 . 15931 

21 

1.02899 

4 

1.09622 

13 

1.16755 

22 

1.03624 

5 

1 . 10384 

14 

1.17580 

23 

1 . 04366 

6 

1.11146 

15 

1.18404 

24 

1.05108 

7 

1.11938 

16 

1.19228 

25 

1.05851 

8 

1.12730 

17 

1 . 20098 

26 

1.06593 

9 

1 . 13523 

18 

1 . 20433 

26.395 

SODIUM    SULPHATE 


Specific 

Per  cent 

Per  cent 

Specific 

Per  cent 

Per  cent 

Gravity,  60  °F 

Na2SO4+10Aq 

Na2S04 

Gravity,  60  °F 

Na2SO4+10Aq 

Na2S04 

1.0040 

1 

0.441 

1.0642 

16 

7.056 

1 . 0079 

2 

0.88i 

1.0683 

17 

7.497 

1.0118 

3 

1.323 

1.0725 

18 

7.938 

1.0158 

4 

1.764 

1 . 0766 

19 

8.379 

1.0198 

5 

2.205 

1.0S07 

20 

8.820 

1.0238 

6 

2.645 

1.0849 

21 

9.261 

1 . 0278 

7 

3.087 

1.0890 

22 

9.702 

1.0318 

8 

3.528 

1.0931 

23 

10.143 

1.0358 

9 

3.969 

1 . 0973 

24 

10.584 

1.0398 

10 

4.410 

1.1015 

25 

11.025 

1.0439 

11 

4.851 

1 . 1057 

26 

11.466 

1 . 0479 

12 

5.292 

1.1100 

27 

11.907 

1 . 0520 

13 

5.373 

1.1142 

28 

12.348 

1.0560 

14 

6.174 

1.1184 

29 

12.789 

1.0601 

15 

6.615 

1 

1 . 1226 

30 

13.230 

73 


TABLE    XX    (Continued) 
SODIUM   BISULPHITE 


Specific 

Per  cent 

Per  cent 

Specific 

Per  cent 

Per  cent 

Gravity,  60  °F 

NaHSOs 

SO2 

Gravity,  60  °F 

NaHSOs 

SO2 

1.008 

1.6 

0.4 

1.171 

16.5 

10.2 

1.022 

2.1 

1.3 

1.190 

18.5 

11.5 

1.038 

3.6 

2.2 

1.210 

20.9 

12.9 

1.052 

5.1 

3.1 

1.230 

23.5 

14.5 

1.068 

6.5 

3.9 

1.252 

25.9 

15.9 

1.084 

8.0 

4.8 

1.275 

28.9 

17.8 

1.100 

9.5 

5.7 

1.298 

31.7 

19.6 

1.116 

11.2 

6.8 

1.321 

34.7 

22.5 

1.134 

12.8 

7.8 

1.345 

38 

23.6 

1.152 

14.6 

9.0 

SODIUM   ACETATE 


Specific 

Grav 

ity,  64  °F 

015 

031 

047 

.063 

0795 

Per  cent 
CHsCOONa 


3.015 
6.030 

9.045 
12.060 
15.075 


Per  cent 

CHsCOONa 

+3H2O 


5 
10 
15 
20 
25 


Specific 
Gravity,  64  °F 


1.096 
1.113 

1 . 1305 
1 . 1485 
1 . 1670 


Per  cent 
CHsCOONa 


18.090 

21.105 
24.120 
27.135 
30.150 


Per  cent 

CHsCOONa 

+3H2O 


30 

35 
40 
45 
50 


CALCIUM   HYPOCHLORITE 


Specific 

Degrees 

Per  cent 

Specific 

Degrees 

Per  cent 

Gravity,  60  °F 

Baume 

Available  CI 

Gravity,  60  °F 

Baume 

Available  CI 

1.008 

1 

0.5 

1.060 

8 

4.0 

1.015 

2 

1.0 

1.069 

9.2 

4.5 

1.023 

3 

1.5 

1.078 

10.4 

5.0 

1.030 

4 

2.0 

1.087 

11.5 

5.5 

1.037 

5 

2.5 

1.097 

12.6 

6.0 

1.045 

6 

3.0 

1.105 

13.6 

6.4 

1.053 

7 

3.5 

ACETIC   ACID 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity 

Acetic 

Gravity 

Acetic 

Gravity 

Acetic 

60  °F 

Acid 

60  °F 

Acid 

60  °F 

Acid 

1.0007 

1 

1.0615 

50 

1.0696 

92 

1.0067 

5 

1 . 0653 

55 

1.0686 

93 

1.0142 

10 

1 . 0685 

60 

1 . 0674 

94 

1.0214 

15 

1.0712 

65 

1 . 0660 

95 

1.0284 

20 

1 . 0733 

70 

1 . 0644 

96 

1 . 0350 

25 

1 . 0746 

75 

1 . 0625 

97 

1.0412 

30 

1 . 0748 

80 

1 . 0604 

98 

1 . 0470 

35 

1 . 0739 

85 

1 . 0580 

99 

1 . 0523 

40 

1.0713 

90 

1 . 0553 

100 

1 . 0571 

45 

1 . 0705 

91 

74 


TABLE   XX    (Continued) 
HYDROCHLORIC   ACID 


Specific 

Per  cent 

Specific 

Per  cent 

Specific 

Per  cent 

Gravity 

HCl 

Gravity 

HCl 

Gravity 

HCl 

(10  °F 

60  °F 

60  °F 

1.000 

0.16 

1 .  070 

14.17 

1.140 

27.66 

1.005 

1.15 

1.075 

15.16 

1 .  145 

28.61 

1.010 

2.14 

1.080 

16.15 

1.150 

29.57 

1 .  015 

3.12 

1.085 

17.13 

1.155 

30.55 

1.020 

4.13 

1.090 

18.11 

1.160 

31.52 

1.025 

5.15 

1 .  095 

19.06 

1.165 

32.49 

1.030 

6.15 

1.100 

20.01 

1.170 

33.46 

1.035 

7.15 

1 .  105 

20.97 

1.175 

34.42 

1.040 

8.16 

1.110 

21.92 

1.180 

35.39 

1.045 

9.16 

1.115 

22.86 

1.185 

36.31 

1.050 

10.17 

1.120 

23.82 

1.190 

37.23 

1.055 

11.18 

1.125 

24.78 

1.195 

38.16 

1.060 

12.19 

1.130 

25.75 

1.200 

39.11 

1.065 

13.19 

1.135 

26.70 
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TABLE   XXIII 
CONSTANTS   OF   TYPICAL  LUBRICATING   OILS 


TYPE 


Air  compressor  oil . .  . 
Air  compressor  oil . .  . 

Cutting  oil 

Cylinder  oil 

Cylinder  oil 

Engine  oil 

Engine  oil 

High  speed  engine  oil 

Ice  machine  oil 

Marine  engine  oil . . . 
Marine  engine  oil. . .  . 
Screw-cutting  oil ...  . 
Transformer  oil 


Specific 

Gravity 

60  °F 


0.8857 

0.8654 
0.9036 
0.8921 
0.8993 
0.8845 
0.8810 
0.9152 
0.8941 
0.8812 
0.9090 
0.9002 
0.8646 


Flash 

Fire 

Cold 

Test 

Test 

Test 

F° 

F° 

F° 

455 

525 

i 

25 

410 

460 

-2 

345 

425 

31 

535 

600 

60 

590 

600 

360 

415 

5 

405 

470 

14 

400 

465 

5 

430 

495 

-4 

405 

440 

17 

405 

465 

0 

380 

425 

15 

365 

430 

2 

Saponifiable 
Matter 


Trace 
None 

82.9% 

20% 

None 

10% 

None 

17.2% 

None 

None 

12% 

25% 

None 


TABLE    XXIV 
TYPICAL   FUEL   ANALYSES 


COAL 


Steam — 

Low  Volatile 

Medium  Volatile . 
High  Volatile..  .  . 


Gas. 


Coking-Beehive. .  .  . 
Coking-By  product . 


Anthracite-Broken.  ,  .  . 

Egg 

Stove 

Nut 

Pea 

Buckwheat. 

Rice 

Barley 


Coke. 


Per 
cent 
Mois- 
ture 


1-3 
1-3^ 
1-4 


1-4 


1-4 
1-4 


1-2 
1-2 
1-2 
3-4 
3-4 
3-4 
3-4 
4-6 


Per 

cent 
Vola- 
tile 
Mat- 
ter 


15-25 
25-29 
30-37 


30-37 


17-38 
17-38 


4-6 
4-6 
4-6 
4-6 
4-6 
4-6 
4-6 
4-6 


4-12 


Per 

cent 
Fixed 
Car- 
bon 


78-61 

66-58 
62-57 


62-57 


78-57 
78-57 


81-84 
80-83 
79-81 
77-80 
76-78 
71-75 
69-73 
68-71 


Per 

Per 

cent 

cent 

Ash 

Sulfur 

6-11 

0.7-21 

7-11 

0.7-11 

6|-10i 

0.7-2 

6-9 

0.7-11 

4-9 

0.7-li 

4-9 

0.7-li 

7-10 

0.7 

8-11 

0.7 

9-12 

0.7 

10-13 

0.7 

13-15 

0.7 

16-20 

0.7 

18-22 

0.7 

20-25 

0.7 

4-9 

1 . 0  Max. 

B.  t.  u. 

(Dry) 


13,500-14,600 
14,400-13,600 
14,400-13,500 


12,000-14,000 


11,000-13,000 


13,000 


Fuel    Oil 


Baume 
Gravity 


16-19 


Flash 
Point 


Water  and 
Sediment 


150°  F.  1%, 

maximum        maximum 


Sulfur 


^V2% 
maximum 


B.  t.  u. 


18,000 

minimum 
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TABLE   XXV 
TYPES   OF   ALLOY  ANALYSES 


Composition  of  Alloy 

ALLOY 

Per 

Per 

Per  cent 

Per  cent 

Per  cent 

Copper 

Tin 

Lead 

Zinc 

Other  Elements 

Gun  metal 

89  to  92 

8  to  11 

Bell  metal 

75  to  80 

20  to  25 

Red  brass 

81 

9 

8 

2 

Yellow  brass 

66 

34 

Muntz  metal 

60 

40 

Brass  solder 

34 

.  . 

66 

Tin  solder 

60 

40 

Plumbers'  solder. 

50 

50 

Silver  solder 

20 

5 

Silver           75 

Bearing  metal.. . . 

17 

75 

Antimony     8 

Bearing  metal. . . . 

60 

20 

.  . 

Antimony  20 

Bearing  metal — 

80 

10 

10 

Type  metal 

2 

10 

70 

Antimony  18 

Monel  metal 

29 

Iron  3;  Nickel  68 

German  silver. . . . 

54 

24 

Nickel          22 

Aluminum  bronze 

71 

26 

Aluminum    2 

Phosphor  bronze . 

87 

11 

Phosphorous  .5  to  1.5 

*Fusible  alloy  1 

Bismuth  50 

12.5 

25 

Cadmium     12.5 

t      "            ''2 

Bismuth  35 . 3 

20 

35.1 

Cadmium       9 . 6 

t      "          "3 

25 

25 

Bismuth      50 

*  Melts  at  150°F. 


t]^elt3  at  175 °F. 


I  Melts  at  200  °F. 
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Useful  Books  and  Periodicals 


This  is  a  limited  list  and  has  been  selected  as  a  good  working  begin- 
ning of  a  more  extensive  library  for  Textile  Manufacturers  and 
]\Iill  Laboratories. 

I.— TEXTILE  FIBRES,   MANUFACTURE,   TESTS   AND 

ANALYSES 

Advanced  Textile  Design — Ji'atson 

Analysis  of  Woven  Fabrics — Barker  a?id  MiJgley 

Artificial  Silk  and  Its  Manufacture — Foltzer 

Calculations   in   Yarns   and   Fabrics — Bradbury 

Color   in    Woven    Design — Beaumont 

Cordage   Fibres — Carter 

Cost  Accounting  for  Textile  Mills — Szepesi 

Cotton  Spinning — Nasmith 

Die   Seide,   2   vols. — Silbermann 

Dress,  Blouse   and  Costume  Cloths — Beaumont  and  Hill 

Elementary  Cotton  Spinning,  2  vols. — Thornley 

Fibres   Used   in   Textile   Industries — Mitchel   and  Prideaux 

Flat  Machine  Knitting  and  Fabrics — Buck 

Grammar  of  Textile   Design — Nisbet 

Hosiery  Manufacture — Da'vis 

Jacquard   Mechanism — Bradbury 

Jute    and   Linen   Weaving — JFoodhouse   and  Milne 

Knitting   Science — Tompkins 

Kiinstliche  Seide — Sii-vern 

Manufacture  of  Linen,  Hemp  and  Jute  Fabrics — Carter 

Mechanism  of  Weaving — Fox 

Modern   Flax,   Hemp    and   Jute   Spinning   and   Twisting — Carter 

Principles    of   Wool    Combing — Priestman 

Principles  of  Woolen   Spinning — Priestman 

Principles  of  Worsted  Spinning — Priestman 

Raw  Silk — Duran 

Raw  Silk  Properties,  Classification  and  Throwing — Seem 

Report  of  Raw  Silk  Classification  Committee — The  Silk  Association   of  Am. 

Sericulture — Vieil 

Silk  Throwing  and  Waste  Silk  Spinning — Rayner 

Structure  of  the   Cotton    Fibre — Bo-xvman 

Structure   of  Wool    Fibre — Boivman 

Technical    Testing   of   Yarn    and   Textile    Fabrics — Hertzfeld 

Textiles — Nystrom 

Textile  Calculations — JVhitzcam 

Textile  Design   and  Color — Watson 

Textile  Design,  Pure  and  Applied — Woodhouse  and  Milne 

Textile  Fibres — Matthe^LVs 

Textile  Fibres  of   Commerce — Hannan 

Textile  Raw  Materials — Zipser — Nisbet 

Theory  of  Silk  Weaving — JFolfensberger 

L^nion   Textile    Fabrication — Beaumont 

\Yoo\— Hart 

Wool    Substitutes — Beaumont 

Yarn   Counts   and   Calculations — JFoodhouse 
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II.— BLEACHING,  DYEING,  PRINTING  AND 
FINISHING 

Application   of   Coal   Tar   Dyestuffs — JVhittaker 

Application  of  Dyestuffs — Mattheivs 

Bleaching  and  Dyeing  of  Vegetable  Fibrous  Materials — Hiibjier 

Bleaching  and  Related  Processes — Mattheivs 

Chemistry  and  Practice  of  Finishing,  2  vols. — Bean  and  McCleary 

Chemistry  and  Practice  of  Sizing — Bean  and  Scarisbrick 

Chemistry  and  Physics  of  Dyeing — Dreaper 

Dressing  and  Finishing  of  Textile  Fabrics — Polleyn 

Dyes    and   Dyeing — Pellenv 

Dyeing  of  Cotton  Fabrics — Beech 

Dyeing  Silk,  Mixed   Silk  Fabrics  and  Artificial   Silk — Grandsivindt 

Dyeing  of  Woolen   Fabrics — Beech 

Dyers'  Materials — Heerman 

Finishing  of  Jute  and  Linen  Fabrics — Woodhouse 

Manual  of  Dyeing,  2  vols. — Knecht,  Raivson  and  Lovjenthal 

Principles  and  Practice  of  Textile  Printing — Knecht  and  Frothergill 

Textile  Color  Mixing — Paterson 

Water  Softening  and  Treatment — Booth 

Waterproofing  of  Fabrics — Mierzinske 

Yarn   and  Warp   Sizing — Kretschman 

III.— CHEMISTRY   AND   BIOLOGY 

Analytical  Chemistry,  2  vols. — Tread=iuell — Hall 

Analysis   of   Dyestuffs — Green 

Analysis  of   Paint   and   Varnish  Products — Holley 

Analysis  of   Minerals   and   Ores  of  Rarer  Metals — Schoeller 

Applied   Colloid   Chemistry — Bancroft 

Bacteriology  and  Mycology  of  Foods — Tanner 

Bleaching — Higguis 

Catalysis   in   Theory   and   Practice — Rideal   and    Taylor 

Cellulose — Cross    and   Bevan 

Chemistry  of  Colloids — Taylor 

Chemistry   of   Dyestuffs — Fort   and   Lloyd 

Chemistry  and  Technology  of  Gelatine   and  Glue — Bogue 

Chemistry  of  Pulp  and  Paper  Making — Sutermeister 

Color   in   Relation   to   Chemical    Constitution — Watson 

Commercial   Organic  Analysis — Allen 

Determination   of  Radicles   in   Carbon   Compounds — Meyer — Tingle 

Electro-Analys*is — Smith 

Examination  of  Hydrocarbon   Oils — Mueller — Holde 

Examination  of  Iron,   Steel   and  Brass — Hall  and  Williams 

Food   Inspection    and   Analysis — Leach — Winton 

Fresh  Water  Biology — Ward  and  Whipple 

Gas  and  Fuel  Analysis — White 

Identification   of   Pure   Organic   Compounds,   4  vols. — Mulliken 

Inks — Mitchell 

Leather    Industries   Laboratory   Book — Proctor 

Methods  in  Metallurgical  Analysis — White 

Methods  of  Textile  Chemistry — Dannerth 

Microorganisms   and  Fermentation — Jorgensen 

Modern  Inorganic  Chemistry — Mellor 

Modern   Soaps,   Candles   and   Glycerine — Lamborn 

Organic  Analysis — Sherman 

Official   Methods  of  Analysis — Association   of  Official  Agricultural  Chemists 

Outline  of  Industrial  Chemistry — TJiorpe 

Photo   Chemistry — Sheppard 

Physiological  Chemistry — Mathews 
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Practical    Physiological    Chemistry — Ha^vk 

Rubber,  Resins,  Paints  and  Varnishes — Morrell  and  Waele 

Standard  Methods  of  Chemical  Analysis — Scott 

Standards   and  Tests  for  Reagent  Chemicals — Murray 

System  of  Physical  Chemistry,  3  vols. — Letvis 

Synthetic   Coloring  Matters — Thorpe 

Synthetic  DyestuflFs  and  Intermediate  Products — Cain  and  Thorpe 

Technical  Analysis  of  Brass  and  Non-Ferrous  Alloys — Price  and  Meade 

Technical   Methods  of  Analysis — Griffin 

Testing  Dyestuffs  in  the  Laboratory — IVhittakcr 

Tests  for  Coal  Tar  Colors  in  Aniline  Lakes — Zerr  and  Mayer 

Treatise    on    Applied    Chemistry — Villavecchia — Pope 

Treatise  on  Color  Manufacture — Zerr  and  Rubencamp  and  Mayer 

Volumetric  Analysis — Sutton 

Wood   Pulp   and   Its   Uses — Cross   and  Be<van   and  Sindall 


IV.— PHYSICS,    MICROSCOPY    AND    PHOTOGRAPHY 

Brownian   Movements    and   Molecular   Reality — Perrin — Soddy 

Color   and  Its  Applications — Luckiesch 

Elementary  Chemical  Microscopy — Chamot 

Fluidity  and  Plasticity — Bingham 

Ions,  Electrons  and   Ionizing  Radiations — Croivther 

Light   and    Color — Houstoun 

Measurement  of   High   Temperatures — LeChatelier — Burgess 

Microscope — Carpenter — D  ailing  er 

Microscopy  of  Technical   Products — Hanausek — Winton 

Microscopy  of  Vegetable  Foods — Winton — Miller 

Optical  Rotation  in  Organic  Substances — Landolt 

Physical   Optics — Wood 

Practical   Photomicrography — Barnard 

Photo   Electricity- — Allen 

Practical    Pyrometry — Ferry 

Radio  Active  Substances — Rutherford 

Researches  in  Color  Vision — Abney 

Spectroscopy — Baly 

Textbook  of  Physics — Watson 

Textbook  of  Practical  Physics — Watson 

Thermodvnamies    and    Free    Energy    of    Chemical    Substances — Leivis    and 

Randall 
Ultra-violet  Radiation — Luckiesch 
X-Ray  and  Crystal   Structure — Bragg 


v.— DICTIONARIES  AND  REFERENCE  BOOKS 

A.   S.  T.  M.  Standards — American  Society   Testing  Materials 

Condensed  Chemical   Dictionary — Chemical  Catalogue  Company 

Dictionary   Applied    Chemistry,    5   vols. — Thorpe 

Dictionary  Applied  Physics,  5  vols. — Glazebrook 

Dictionary  Chemistry,   4  vols. — Watts 

Dictionary  Chemical    Solubility — Comey  and  Hahn 

Dictionary  Dyes,  Mordants,  etc. — Ra^vson,  Gardner  and  Laycock 

Dictionary  of  Textiles — Harmuth 

Glossary  Textile  Terms — Curtis 

Mechanical  Engineers'  Handbook — Marks 

Physico-chemical   Tables,   2  vols. — Castell  and  Evans 

Smithsonian   Physical    Tables — Fotvles 

Van    Nostrand's    Chemical   Annual — Olsen 
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VI.— PERIODICALS 

American   Dyestuff   Reporter — New   York 

American  Silk  Journal — New  York 

Analyst — London 

Chemical  Abstracts — Am.   Chem.   Soc,  Washington 

Chemical  and  Metallurgical  Engineering — New  York 

Color  Trade  Journal — New  York 

India   Rubber   World — New  York 

Industrial    and    Engineering    Chemistry — Washington 

Journal   American   Chemical    Society — Washington 

Journal    of   Biological    Chemistry — New    York 

Journal  of  Physical   Chemistry — Ithaca,   N,  Y. 

Journal  Society  Chemical  Industry — London 

Journal  of  Textile  Institute — Manchester,  England 

Paper  Trade  Journal — New  York 

Photographic  Journal  of  America — Philadelphia 

Physical    Review — Corning,    N.   Y. 

Silk— New  York 

Textile   Colorist — New  York 

Textile   World — Boston 

Underwear   and   Hosiery  Review — New  York 

Wool    and   Cotton   Reporter,   American — Boston 
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